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A convergent route, based on nitrile oxide/isoxazoline chemistry to carbon-
linked disaccharides (C-disaccharides) and C-glycosides with functionalised linkages 
has been investigated. The sequence involves three steps. Firstly, the cycloaddition 
of a sugar-derived nitrile oxide to a terminal alkene provides a 3,5-disubstituted 2-
isoxazoline. Next, the substituents attached to the isoxa.zoline may be modified, and 
finally the heterocycle subjected to either hydrogenolysis or reductive cleavage to 
afford a C-glycoside with a carbonyl or an amino functionalised linkage. 
Four terminal alkenes were selected; two (0-unsaturated monosaccharide 
derivatives, methyl 5,6-dideoxy-2,3 -O-isopropylidene-a-D-lyxo-hex-5-enoffiranoside 
(93) and 3 -O-benzyl-5 ,6-dideoxy-2, 3 -O-isopropylidene-a-D-ylo-hex-5 -enofuranose 
(84), and two non-carbohydrate model alkenes, methylenecyclohexane and styrene. 
The in situ Mukaiyama dehydration of the peracetylated 2,6-anhydro-1-deoxy-1-
nitroalditol derivatives from nitromethane and D-xylose, D-galactose and D-mannose 
provided a source of nitrile oxides (79), (89) and (90) respectively. 
Cycloadditions of the xylopyranosyl and galactopyranosyl nitrile oxides (79) 
and (89) to alkenes (93) and (84) proceeded regio specifically and with a high degree 
of 7t-facial selectivity (40-64% d.c.). In each case the major adduct was found to 
possess R-configuration at the newly formed chiral centre C-5, corresponding to an 
erythro relationship between it and the adjacent C-4 position of the attached furanose 
unit. The structure of the isoxazoline formed from xylopyranosyl nitrile oxide (79) 
and D-mannose derived alkene (93) was established by X-ray crystallography. The 
observed selectivities may be rationalised in terms of the "inside alkoxy effect" 
proposed by Houk and the "homoallylic" modification of Dc Micheli et al. Based on 
the similar diastereoselectivities observed for alkenes (93) and (84) it is concluded 
that the configuration of the C-2 position on the furanoside unit has negligible effect 
on the stereochemical outcome of the cycloaddition. 
Model cycloaddition reactions were carried out using the xylopyranosyl and 
mannopyranosyl nitrile oxides (79) and (90) with methylenecyclohexane and styrene. 
Under standard conditions it was found that the mannose compound was less reactive; 
Vii 
however it was possible to obtain cycloaddition products in good yield with styrene 
using a modified procedure. 
The adduct of xylopyranosyl nitrile oxide (79) with methylenecyclohexane was 
chosen as a model compound in order to study both the hydrogenolysis and reductive 
cleavage of such 2-isoxa.zolines to 3-hydroxy ketones and y-amino alcohols. It was 
found necessary to remove the acetyl protecting groups (by treatment with 
KCN/MeOH or NaOMeIMeOH) before isoxazoline ring opening reactions were 
performed. Palladium charcoal mediated reductive hydrolytic cleavage of 5-
(spirocyclohexyl)-3-3-D-xylopyraflOSYl)-2-i5oXaZOl111e (119) gave the f3-hydroxy 
ketone in 55% yield. Conversion of isoxazoline 119 to its tris TMS derivative 
followed by reductive cleavage with lithium aluminium hydride yielded a mixture of y -
amino alcohols in 40% yield. 
vu' 
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This thesis describes the application of nitrile oxide-isoxazoline methodology 
to the synthesis of carbon-linked glycosides and disaccharides with emphasis upon 
incorporation of amino functionality into the linkage. 
In the Introduction three topics are discussed. Firstly, a short section provides 
background information on the ever growing field of 1,3-dipolar cycloaddition 
chemistry, with particular emphasis being paid to nitrile oxides and their reaction with 
alkenes to produce 2-isoxazolines. Secondly, the role of glycosidases and inhibitors 
of these enzymes is discussed. Finally, a review of C-disaccharides and routes to their 
construction is presented. 
1.2 	1,3-Dipolar Cycloaddition Chemistry 
The field of 1,3-dipolar cycloaddition chemistry is too large to receive 
extensive treatment in this introduction and hence the following pages contain only a 
brief overview. The reader is referred to "1,3-Dipolar Cycloaddition Chemistry" by 
Padwa' for general coverage of the subject and for nitrile oxides in particular to "The 
Nitrile Oxides" by Grundmann and GrUnager, 2 "Nitrile Oxides, Nitrones and 
Nitronates in Organic Synthesis" by Torsse11 3  and a review article by Kanemasa and 
1 
Tsuge4  entitled "Recent Advances in Synthetic Applications of Nitrile Oxide 
Cycloaddition" for detailed treatment of this extensive area. 
1.2.1 1,3-Dipoles 
Since the conception of 1,3-dipolar cycloaddition in the 1960's by Huisgen 5 
this class of reactions has developed into a much utilised route for the construction of 
five-membered ring heterocycles. 
1,3-dipoles may be defined as three atom four it-electron systems which are 
isoelectronic with heteroallyl anions but with neutral overall charge. They may be 
divided into two distinct structural types; the linear propargyl-allenyl type (1) and the 
bent allyl type (2) which differ only by the presence of an additional orthogonal it-
bond in the former case. 
a=b—c 	 ac 
1 2 
Table 1 shows the further subdivisions of each type according to the 
representative element of a, b and c. 
2 
Propargyl-Allenyl Type 
Nitrilium Betaines 	 Diazonium Betaines 
+ 	- 
RCN —CR2 Nitrile Ylides 
+ 	- 
RCN—NR Nitrile Imides 
+ 	- 
RC=—N-0 Nitrile Oxides 
+ 	- 






N=—N-0 	Nitrous Oxide 
+ - 




















Table 1 : Common 1,3-dipoles 
Nitrile oxides, as members of the nitrilium betaine class are usually represented 
as the zwitterionic structure (3), but are more accurately described as a hybrid of 
resonance forms (3-8) as shown in Scheme 1. The main resonance forms are the all-
octet structures (3) and (4) which contribute most to the hybrid in the ground state. 
3 
RC=—N-0 	 RCNO 4 	 RC=N-0 
3 	 4 
+ 
RC=N-0 	 RC—N0 	 RC=N-0 
8 	 7 	 6 
Scheme 1 
1.2.2 1,3-Dipolar Cycloaddition Reactions 
The most synthetically useful reaction undertaken by 1,3-dipoles is their [3+2] 
cycloaddition to a multiple-bond-containing system, the dipolarophile, to form a five-
membered heterocycle as is shown in Scheme 2. Examples of dipolarophiles include 
alkenes, carbonyls, alkynes and nitriles. 
dle 
Scheme 2 
The mechanism of 1,3-dipolar cycloadditions has long been an area of 
controversy and the conclusions drawn from theoretical calculations have tended to 
conflict. Three possible mechanisms involving single step concerted, stepwise 















 d 	 \dCe - 
a" N 
Scheme 3 
The mechanism that is now generally accepted for the cycloaddition reactions 
of 1,3-dipoles is a concerted , 6' 7 ' 8' 9  but not necessarily synchronous, single-step 
process. Huisgen proposed that the reaction proceeds via a parallel-planes orientation 
complex which permits the t-orbita1s of the reactants to overlap and subsequently 
create the two new cs-bonds of the product as shown in Figure 1. 
The stepwise diradical 1° and stepwise zwitterionic 2 mechanisms (Scheme 3) 
have also been considered. The observed retention of reactant stereochemistry, the 
negligible solvent effect and the large negative entropy of activation of such reactions 
provide strong evidence in support of the concerted rather than stepwise process. 
5 
Figure 1 
1.2.3 Frontier Molecular Orbital Theory of 1,3-Dipolar Cycloaddition 
Reactions 
Frontier Molecular Orbital (FMO) theory has provided an explanation for the 
reactivity and regioselectivity observed in 1,3-dipolar cycloaddition reactions. 
Sustmann' 1  has categorised the interactions of dipole and dipolarophile FMOs 
into three limiting cases as shown in Figure 2. In each system it is the HOMO-LUMO 
interaction which gives the greater stabilisation energy that represents the dominant 
interaction i.e. the one with the lesser HOMO-LUMO separation. As a result Type I 
reactions are dipole HOMO controlled, Type II are dipole HOMO and LUMO 
controlled whilst Type III are dipole LUMO controlled. With this classification it is 
possible to predict the effect of substituents upon reaction rates. Electron donating 
and conjugating groups on the dipole and electron withdrawing and conjugating 
groups on the dipolarophile effect an increase in rate in a Type I system whilst in a 
Type ifi scenario the rate would be reduced. Reaction rates in Type II systems are 



























FMO theory has also been used to interpret regioselectivity phenomena. The 
magnitude of the orbital coefficients in 1,3-dipoles and dipolarophiles vary with 
substituent. With knowledge of the orbital coefficients' magnitude, regioselectivities 
may be predicted by applying the principal of maximal orbital overlap. 
12 As a 
consequence, the major regioisomer results from the interaction of orbitals of 
matched size (Figure 3). However, in intramolecular cycloadditions, steric factors can 
on occasion prevent the preferred overlap from occurring and as a result orbital 







1,3-dipolar cycloadditions normally proceed in a concerted process with 
retention of dipolarophile stereochemistry. Approach of the dipole to the two faces of 
the dipolarophile results in a pair of stereoisomeric adducts for each regioisomer 
(Scheme 3). Stereocontrol is normally influenced by steric factors with the dipole 
approaching from the least hindered side. 
R1 	bN 
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1.2.6 Nitrite Oxides 
Nitrile oxides are members of the nitrilium betaine family of propargyl-allenyl 
1,3-dipoles. In most cases, nitrile oxides have their fulmido group (-CNO) bonded to 
carbon, however the case of the parent compound is an exception and as a result the 
chemistry of formonitrile oxide (fulminic acid, H-CNO) differs from the other 
members of the series. Other examples of heteroatom-substituted nitrile oxides 
include benzenesulphonyl nitrile oxide 13 and bromonitrile oxide. 
14,15 
The chemistry of nitrile oxides has a long history, dating back to the first 
generation of formonitrile oxide in 1800, whilst benzonitrile oxide was first prepared 
in 1886. Huisgen's work in the 1950's on 1,3-dipolar cycloadditions created a great 
deal of interest and in recent years nitrile oxide chemistry has been utilised as a 
powerful and versatile tool in natural product synthesis by a number of chemists 
around the world including Curran, Jager, Kozikowski and Torssell. An overview of 
work by the aforementioned and others can be found in a monograph by Grunanger 
and Vita-Finzi.' 6 
1.2.7 Generation of Nitrile Oxides 
Due to the reactive nature of nitrile oxides, in particular their tendency to 
dimerise, they are rarely isolated but instead generated in situ at low concentration in 
the presence of a large excess of dipolarophile for most synthetic purposes. Scheme 4 
shows the commonly used routes to nitrile oxides. 
9 
Hydroximoyl halides (9) are frequently employed as nitrile oxides precursors; 
they undergo dehydrohalogenation either with base 
17  (e.g. Et3N), potassium fluoride 18 
or on heating in an inert solvent.' 9'20  The halide may be prepared via the aldoxime 
(10) by either direct chlorination 2' or under milder conditions using N-
bromosuccinimide22  or N-chlorosuccinimide. One-pot conversions of the aldoxime 
to the nitrile oxide via the hydroximoyl halide have been reported using alkaline 
sodium hypochlorite24 (or hypobromite)25 or chloramine-T. 26 Oxidations of aldoximes 
to nitrile oxides have also been accomplished using 'lead tetraacetate 27, mercuric 
acetate28 and dimethyldioxirane. 29 
The second frequently used approach involves dehydration of a primary intro 
compound (11) with a catalytic amount of base and a dehydrating agent. Dehydrating 
agents employed in this reaction are usually isocyanates e.g. PhCNO or tolylene di-
isocyanate (TDI), but use of acid chlorides, acid anhydrides, phosphorous oxychioride 
and p-toluenesulphonic acid has also been reported. This route is often referred to as 
the Mukaiyama3°  method. Finally, the thermal cycloreversion 31 '32'33 of 1,2,5-
oxadiazole-2-oxides (furazan N-oxides or furoxans) (12) has also been employed in 














1.2.8 Reactions of Nitrile Oxides 34 ' 35 
Once generated nitrile oxides have high reactivity and can participate in 
various reactions as illustrated in Scheme 5. In the absence of a dipolarophile two 
decay paths are available, namely dimerisation and thermal rearrangement. The former 
results mainly in the formation of 1,2,5-oxadiazole-2-oxides (furoxans) (12) but other 
dimers such as 1,2,4-oxadiazole-4-oxides (13) and 1,4,2,5-dioxazidines (14) are 
sometimes formed. More stable nitrile oxides have been observed to rearrange to 
















The most synthetically useful reaction of these species is their 1,3-dipolar 
cycloadditions to dipolarophiles to create five-membered heterocycles containing the 
C=N-O unit (16 and 17). Nitrite oxides can also undergo nucleophilic addition at the 























Cycloaddition to monosubstituted or 1, 1-disubstituted alkenes proceeds in a 
highly regioselective manner to give 5-substituted (19) and 5,5-disubstituted 2-
isoxazolines respectively. In the case of a-unsaturated alkenes e.g. hex-l-ene or 
styrene the reaction is regiospecific. Introduction of an electron-withdrawing group 
to the alkene increases the amount of the 4-substituted (20) regioisomers formed. In 
contrast, 1,2-disubstituted alkenes are generally less reactive and exhibit lower 
regioselectivity. 36 
	
R N 	 R N 
0 
19 	 20 
FMO theory may be employed to explain the regioselectivity of these 
reactions. The relative MO energies and sizes of the coefficients for nitrile oxide 
cycloaddition to monosubstituted alkenes are shown in Figure 4. In the case of 
dipolarophiles with conjugating or electron donating substituents the dominant 
interaction is the LUMO-dipole/HOMO-dipolarophile (Sustmann Type III ; see 
Figure 2) which can be seen to favour 5-substituted products. However, the presence 
of an electron-withdrawing group in the dipolarophile lowers its FMO energies and in 
doing so effectively increases the contribution from the HOMO-dipole interaction, 





u - 0 





C = Conjugating Group 
D = Electron Donating Group 
W = Electron Withdrawing Group 
Figure 4 
1.2.9 Synthetic Utility of Nitrite Oxide Cycloaddition Chemistry 
The most synthetically useful reaction of nitrile oxides is their [3+2] 
cycloaddition reaction to alkenes to afford 2-isoxazolines. Not only is this important 
in the field of heterocyclic synthesis, but the adducts also represent the latent 
functionality which may be revealed upon subsequent ring cleavage. The stability of 
the 2-isoxazoline nucleus which allows modifications to be made, along with the wide 
14 
ranging ring opening protocols37  has led to interest in the Nitrile Oxide Cycloaddition 
(NOC) route in natural product and analogue synthesis. 
The three basic steps involved in the NOC route are shown in Scheme 6. 
Firstly, the [3+2] cycloaddition occurs with predictable regiochemistry and under 
good stereocontrol. The isoxazoline nucleus may then be modified if required. 
Finally, cleavage of the N-O bond may be achieved under a variety of conditions in 
order to release the desired functionality. 
Cycloaddition 	Modification 	Ring 
Opening RL ,.L,R' 
0 OH 
R 	 R' / 
+ - 
R—C=N—O 	
R 	 N 0 
H2N OH 
Scheme 6 
The stabilility of the isoxazoline nucleus has been utilised in order to modify 
the ring itself. For example, Jager et al have reported that the ring may be substituted 
at the 4-position via deprotonation and subsequent stereospecific electrophilic attack 
from the less hindered face 11,39  (Scheme 7). 
15 
+ 
R 	 R 	Li 
LDA






The final step of the NOC route is the cleavage of the N-O bond in order to 
release the masked functionality. Scheme 8 outlines the latent functionalities present 
in the heterocycle. 
R2 	 R2 
R, 	 R3 	 R, 	 R3 	 R, 	 R3 YY -1 -~r~ 
OH OH 	 0 OH 	 0 




NH2 OH 	 AI-2— 	 OH 
92 
	
y-Aminoalcohol 	 2-Isoxazolme 	 3-Hydroxynitrile 
_____ 	 R2 
Rl,L..(R3 	 Rl<LT13 
O 0 
1 ,3 -Diketone 	 Isoxazole 
Scheme 8 
16 
One of the most important functionalities which may be obtained via 
hydrolytic cleavage of the isoxazoline is the 3-hydroxyketone. 40 This application of 
the NOC route is complimentary to the often problematic aldol condensation. The 
difficulties encountered with aldol reaction such as reversibility, cross aldol products, 
poor stereocontrol and non-selective enolate formation do not arise with the 
cycloaddition approach. Figure 5 shows how the two synthetic approaches result in 





A variety of techniques have been reported to perform this ring opening to the 
0-hydroxyketone. Most commonly used is catalytic hydrogenation with palladium on 
charcoal or Raney-nickel under acidic conditions. However, several alternatives have 
appeared in the literature such as titanium trichloride, 4 ' molybdenum hexacarbonyl 42 
and ozone . 4' All of the methods reported are thought to proceed via hydrolysis of an 
imine intermediate. From the 3-hydroxyketone moiety it is then possible to produce 
1,3-diols by reduction, or a-enones by dehydration. 
The y—amino alcohol moiety may be revealed via reductive non-hydrolytic 
cleavage with lithium aluminium hydride (LAH)4' or non-aqueous catalytic 
17 
hydrogenation . 45  The reaction is stereoselective, although the diastereoselectivity is 
dependent upon the substituents on the isoxazoline ring. Jager's LAH route is the 
more stereoselective as a result of complexation of the reagent with the nitrogen of 
the isoxazoline ring. 
The cycloaddition of nitrile oxides to alkynes affords isoxazoles and 
subsequent ring opening provides access to 1,3-diketones and 13-keto nitriles. 46 The 
presence of base releases the 0-hydroxynitrile functionality from 3-unsubstituted 





Glycosidases (glycoside hydrolases) are the group of carbohydrate processing 
enzymes responsible for catalysing the hydrolysis of the glycosidic linkages in 
oligosaceharides, polysaccharides and glycoconjugates. As they are involved in both 
the intra- and extra-cellular processes of most organisms they have warranted a great 
deal of study in recent years. 
Classification of the glycoside hydrolases is based on consideration of the 
substrate (i.e. pyranosidic or furanosidic) and whether the anomeric configuration is 
retained or inverted by the hydrolysis process (i.e. retaining or inverting glycosidases). 
However, in each case the hydrolysis may be regarded as a nucleophilic substitution 
at the saturated anomeric carbon centre resulting in the replacement of an aglycone 
residue with a hydroxyl group. 
1.3.2 Mechanism for Hydrolysis 
The mechanisms originally proposed by Koshland to explain the action of 
retaining or inverting hydrolases are still generally accepted today. 
49 
1.3.2.1 Retaining Glycosidases 
Retaining glycosidases are believed to act via a double displacement 
mechanism (Scheme 9) in which the glycosyl cation-like transition state of the first 
19 
step proceeds to a covalently bound glycosyl-enzyme intermediate (21), which in turn 
undergoes nucleophilic attack by water en route to the product. 
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A less accepted explanation has been proposed by Phillips et a!5° who 
postulated the existence of a long lived ion-pair between the glycosyl-cation and the 
enzyme bound carboxylate (Figure 6) which would avoid the requirement for a 





1.3.2.2 Inverting Glycosidases 
These enzymes are widely believed to act via the Koshland single 
displacement mechanism. This involves protonation of the glycosidic oxygen followed 
by displacement of the glycone by nucleophilic attack of water via a glycosyl cation-
like transition state, a simplified representation is shown in Scheme 10. In contrast to 













A further mechanism has been reported' 1,12 which involves endocyclic C-O 
bond cleavage and an acyclic cationic intermediate (Scheme 11). However, this 
pathway has not been widely accepted due to its variance with biochemical 
observations. 53 
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1.3.3 Role of Glycosidases in Glycoprotein Processing TM 
The oligosaccharide chains attached to cell-surface proteins on eukaryotic 
cells are known to influence inter-cellular recognition processes as a result of their 
ability to dictate specificity through their large number of possible structures. The 
22 
asparagine-linked (N-linked) glycoproteins may be divided into three classes as 
illustrated in Figure 7, all of which possess a common pentasaccharide core. The 
linkages between mannose units are predominantly a-(1-2) and ct-(1—).3), but at 
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Man 	 G1cNAc 	Man 	 Man 
I I I 
GIcNAc 	 GNAc 	 GNAc 
GkNAc 	
I
G1cNAc 	 GkNAc 
Mn 	 Mn 	 Mn 
High Mannose 	 Hybrid 	 Complex 
Man = Mannose ; G1cNAc = N-Acetylglucosamine ; S.A. = Sialic Acid; Gal = Galactose; 
Fuc = Fucose; Asn = Asparagine 
Figure 7 
Glycosidases and glycosyl transferases are involved in the processing of all 
glycoconjugate systems and in the case of the asparagine-linked types above their role 
is to modify the Glc3Man9(GlcNAc)2 precursor once it has been transferred from the 
lipid carrier (dolichol pyrophosphate) to specific asparagine residues of the growing 
23 
polypeptide chain. The enzymes are specific to particular inter-glycosidic linkages 
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1.3.4 Glycosidase Inhibitors 
In recent years there has been a great deal of interest in this class of 
compounds and indeed many have been isolated from natural sources as well as 
having been produced synthetically. As this field has already been extensively 
24 
reviewed the reader is referred to the more in depth treatment afforded it by Elbein 55 
and Winchester. 16,57 
The azasugars have exhibited potent and reversible inhibition of 
glycosidases. 55 ' 56  These compounds are sugar derivatives in which the oxygen atom in 
the pyranose or furanose ring has been replaced by an imino group and include the 
monocyclic polyhydroxylated piperidenes and pyrrolidenes as well as the bicyclic 
polyhydroxylated indolizidenes and pyrrolizidenes. 58 
The first azahexose to be discovered was nojirimycin 59 (22), the piperidene 
analogue of glucose (23) which was subsequently found to be a glucosidase inhibitor. 
However, the 1 -deoxy analogues of the pyranose azasugars have proved to be more 
powerful inhibitors of their corresponding glycosidases e.g. 1-deoxynojirimycin (24, R 





















Azafuranose analogues have also been identified e.g. 2R,5R-dihydroxymethyl-
3R,4R-dihydroxypyrrolidine (26) and 1,4-dideoxy-1,4-imino-D-mannitol (27) which 
have been found to selectively inhibit glucosidases and mannosidases respectively. 
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In contrast with compounds (22-27), the bicyclic azasugar inhibitors do not 
exhibit a simple structural resemblance to the natural substrate of the enzyme. 
Castanospermine (28) is, for example, a strong glucosidase inhibitor whilst 










Schmidt et at recently reported the synthesis of a diastereomeric pair of 
amino-substiuted 3-benzyl-C-glycosides 60 (30 and 31) which show useful biological 
activity. It is however of particular note that in inhibition studies the amino 
compound (30) was as potent a glucosidase inhibitor as 1-deoxynojirimycin (24), 
whilst the other diastereomer (31) had an inhibition constant (K1) value two orders of 
magnitude lower. 
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In addition to small monosaccharide analogues several pseudo-
oligosaccharides have also been reported to be active inhibitors, for example acarbose 
(32),61 an intestinal glycosidase inhibitor, is responsible for the inhibition of sucrase 
and maltase in the body. 
CH20H 	CH20H 	CH20H 
HO li 	 - ,NHuu 	 I 	 siOl 
HO OH HO OH HO OH 
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1.3.5 Mode of Action of Glycosidase Inhibitors 
Reversible inhibitors such as the azasugars are thought to work by mimicking 
the glycosyl cation-like transition state (Section 1.3.2.1). The inhibition is known to 
be pH dependent and it has been postulated that the protonated inhibitor forms an ion-
pair with the carboxylate group present in the active site of the glycosidase. Schmidt 
suggests that the inhibitory action of the a.zasugars is attributed to their similarity to 
the substrate or intermediate in the mechanistic pathway and that the interaction of the 
27 
amine nitrogen atom with the acid groups (AH) of the active site stabilises the 






Further work has been carried out on Structural Activity Relationships (SARs) 
in order to determine the structure and electronic characteristics required for 
particular inhibitory activities. For further detail on SAR studies the reader is directed 
to the publications of van den Broek 62 and Winchester63  whilst more information on 
the molecular modelling aspect of this topic may be found in the work of Winkler 64 
and Kajimoto. 65 
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1.3.6 Applications of Glycosidase Inhibitors 
1.3.6.1 Digestive Glycosidases 
There has been a great deal of recent interest in inhibitors of intestinal 
disaccharidases which can slow the breakdown of dietary carbohydrates and 
subsequent uptake in the gut. 66  It has been suggested that acarbose (32)67 could be 
useful in the control of blood glucose level in patients suffering from insulin-
dependent (Type 1) diabetes. 
The treatment of obesity is another area in which there has been some interest 
in disaccharidase inhibitors. Indeed, the sucrase/maltase inhibitor AO-128 (33)68.69 
has been shown to reduce fat accumulation in the abdominal cavity which is generally 
associated with circulatory difficulties. 
CH2OH 
CH2OH 




In the agrochemical industry there has been some work to exploit differential 
inhibition of intestinal glycosidases in the field of selective insecticides in order to 
target specific species. 55 
1.3.6.2 Anti-Viral 
To date all viruses discovered possess N-glycosylated protein envelopes which 
are thought to play an important role in the infectivity process. The envelope 
29 
glycoprotein gp120 on the surface of the HIV virus is known to form a binding 
complex with the CD-4 target cell of the host, thus initiating the infection cycle. 70 '7 ' 
The use of glycosidase inhibitors in HIV treatment has been proposed as a 
result of their ability to interrupt the glycoprotein processing pathways involved in 
trimming the oligosaccharides on gp120 . 72'73 Incorrect formation of the gp120/CD-4 
complex may occur and as a result the virus-host recognition process could fail and it 
is suggested that infectivity may subsequently be reduced. 
A number of aza-sugar type compounds are currently known to possess some 
in vitro anti-HIV activity e.g. 1-deoxynojirimycin (24) as well as its N-butyl analogue, 
7475 
castanospermine (28), DMDP (26) and N-methyldeoxymannonojirimycin (25).' 
1.3.6.3 Anti-Tumour 
In cancer treatment a great deal of emphasis is placed upon prevention of 
secondary tumours via metastic processes in which cancer cells are carried around the 
body by the circulatory and lymphatic systems. Cancerous cells are known to be more 
heavily glycosylated than normal, as a result of increased endocellular 
glycosyltransferase activity, and it is believed that this is related to the metastic 
capability of the tumour. 76  Therefore, an inhibitor of the processing glycosidases may 
prevent the build up of the large N-linked glycans associated with tumour cells. There 
is currently some interest in swainsonine (29)77 and castanospermine (28)78  due their 
exhibiting both in vitro and in vivo inhibition of asparagine-linked oligosaccharide 
processing enzymes. 
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1.3.6.4 Other Applications 
Reversible inhibitors have been attached to a chromatographic support and 
used to separate and purify glycosidases. 79 In the field of enzymology, selective 
glycosidase inhibitors have been utilised both in mechanistic studies and in assays. 8° 
In the isolation of natural glycoconjugates, inhibitors have been employed to prevent 
their subsequent hydrolysis by blocking any glycosidases present. 55 
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1.4 SYNTHESIS OF C-DISACCHARIDES 
The synthesis of disaccharide analogues in which the glycosidic oxygen is 
replaced by carbon (C-disaccharides) is of particular interest in view of their potential 
as glycosidase inhibitors. As there have been significant developments in this area 
since it was last examined systematically in 1992, the subsequent pages contain a 
review of current synthetic methodologies. For a chronological survey of this field 
from the first reported C-disaccharide synthesis in 1983 until the present day, the 
reader is referred to Levy and Tang's "The Chemistry of C-Glycosides". 82 
The crucial step in the synthesis of C-disaccharides involves the formation of a 
C-C bond. Most methodologies involve the addition of a carbanion-like species to a 
sugar aldehyde i.e. Aldol, Nitroaldol and Wittig reactions; whereas others involve 
radical addition processes and cycloadditions. 
1.4.1 Carbonyl Addition Reactions 
The commonly used method in C-disaccharide synthesis involves the addition 
of a sugar based carbanion to a carbonyl group of sugar aldehydes, ketones, esters or 
lactones. 
Rouzand and Sinay 83  used this approach in their first stereoselective synthesis 
of a C-disaccharide. Scheme 13 shows their route to D-Glc -C- 13-( 1--6)-D-Glc0Me 
(37) which involves addition of a D-glucose derived pyranose acetylenic anion (35) to 
32 
a glucopyranolactone derivative (34) to yield an acetylenic hemiacetal (36), which is 
subsequently reduced. 
Sinay has since used the addition of sulphone-stabilised lithiated anions to 
aldehydes84  and esters" to produce 13-(1--*5)-C-disaccharides containing 
hydroxymethylene and carbonyl bridges. 
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(i) BuLi; (ii) Et3 SiH, BF3 -Et20; (iii) H2, Pd/C 
Scheme 13 
A similar approach has been adopted by Schmidt et al who have used addition 
reactions of sulphoxide-stabilised lithiated anions to aldehydes in their syntheses of 
hydroxymethylene linked C-disaccharides with 0-(1—*3) and 13(1—'4) linkages. 86 ' 87 
Scheme 14 shows treatment of the sulphoxide (38) with lithium diisopropylamide 
(LDA) to give the 1-C-lithiated species which subsequently reacts with aldehyde (39) 
to provide adduct (40) diastereoselectively. Removal of the phenylsulphinyl group 
33 
with Raney-nickel afforded (41) and subsequent face specific addition of hydrogen 
and hydroxy groups to the glycal ether moiety gave the 3-(1--)3)-hydroxymethylene 
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(i) LDA; (ii) Raney-Ni; (iii) BH 3Me2S ; (iv) NaOH, H 202 
Scheme 14 
In aldol condensation reactions the a-carbon of one aldehyde or ketone 
molecule adds to the carbonyl carbon of another (Figure 9). This reaction has been 
utilised by Fraser-Reid and co-workers to synthesise both (2_*5)88  and (5—>6)
89 linked 
C-disaccharides, and also by Kishi as the key stage in his stepwise linkage of three 
monosaccharide units to produce carbon-linked trisaccharides of basic structure 





















In 1993, Armstrong et al reported the stereoselective synthesis of a C-
disaccharide (44) which they produced en route to an acetylene-bridged glucose 
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Recently Eyrisch and Fessner have developed Enzymatic Tandem Aldol 
Additions in their de novo syntheses of directly coupled difuranoid (46) and 
dipyranoid (47) structures in a highly stereoselective fashion. 
93 
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1.4.2 The Nitro-Aldol Approach 
Synthesis of C-disaccharides via the base or fluoride ion catalysed addition of 
nitrosugars to aldehydosugars has been investigated by several groups. Figure 10 
illustrates the C-C bond forming step common to all the examples below. 
O OH 
	






Suami et al have employed both base catalysed addition of a six carbon 
nitrosugar to a five carbon aldehyde 94  and the fluoride ion catalysed addition of a five 
carbon nitrosugar to a six carbon aldehyde 95 in their synthesis of tunicamine (48),96  a 
dialdose fragment of the tunicamycin group of antibiotics. 
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Vasella and co-workers have utilised tBut4NF  catalysed addition of a fuiranose 
nitrosugar to a galactose-derived alkene, followed by radical demtration in their 
synthesis of a f3-(1--*5)-C-disaccharide. 97 ' 98  They have also exploited a similar route 
in their synthesis of a direct carbon-carbon linked C-disaccharide analogue 9 
Martin and Lai have also used nitro-aldol type chemistry in their synthesis of 
0-(1-+6) and 13j3-(1 —*1)-linked C-disaccharides.' 00 
Most recently this chemistry has been exploited by Witczak et al in the 
synthesis of a linear (2—*4) linked C-trisaccharide 'from a single carbohydrate 
precursor (levoglucosenone (49)). '0' The synthesis involves the coupling of an 
aldehyde (50) with the Michael adduct (51) of nitromethane and 
levoglucosenon& °2"°3  to afford the functionalised bridged C-trisaccharide (52) which 
when subjected to conventional radical denitrification results in an ethylene-linked 
product (53) (Scheme 15). 
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(i) CH3NO2, TMG; (ii) CH3CN, KF, r.t., 18h; (iii) Bu3 SnH, AIBN 
Scheme 15 
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1.4.3 The Wittig Approach 
The Wittig reaction has proved to be of great synthetic utilility in the synthesis 
of C-disaccharides as well as higher monosaccharides (Figure 11). This approach, 
coupled with stereoselective olefinic bond manipulation, has been exploited by several 









In this synthesis the olefin (54) is subjected to catalytic osmylation to produce 
the diol (55) stereoselectively, the major product having the predicted 
106  erythro 
relationship between the new hydroxyl group and the pre-existing one at an adjacent 
carbon. The second pyranose ring is formed via a controllable cyclisation reaction 
which provides access to a range of C-disaccharides (Scheme 16). 
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(i)n-BuLi, THF; 000s04, N,N'-bis(mesitylmethyl)-(RR')-1 ,2-diaminoethane; (iii)MPM-Br, NaR 
Scheme 16 
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Nicotra et al have further extended Kishi's methodology in reporting its use 
in the production of antimetabolites of sucrose (56a and 56b)' °7 ' 108 which required the 
ex novo construction of the fructose moiety. 
Jarosz and co-workers have employed this route in their preparation of 
(6->6) linked C-disaccharides, 109" 10' 1 " whilst tunicamine (48) and its analogues have 
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Armstrong et al have reported the use of the Wittig approach in their synthesis 
of a-methyl 1 ',2'-dideoxycellobioside (56),' 14  a (1-4) linked pseudo-disaccharide 
with a direct link between two pyranose systems and resulting restricted rotation 
about the inter-glycosidic bond. Their synthesis involves Wittig addition of a 
pyranose ylide to an acyclic aldehyde with subsequent ex novo creation of the left-
hand ring via a bromonium ion induced cyclisation reaction (Figure 12). 












1.4.4 	Radical Addition Methods 
In this approach to C-disaccharide synthesis the key step involves the addition 






The route was first utilised by Giese and co-workers in their synthesis of 
(1 -*2)-methylene-linked analogues' 5" 16 of kojibiose, ristobiose and a-L-fucopyranosyl 
(1->2)-D-galactose. The glycosyl radical is generated from a primary bromo 
glucopyranose derivative (57) and addition occurs in situ to the cx-methylene lactone 
(58) to produce the methylene-bridged C-disaccharide adduct (59) in 45% overall yield 
(Scheme 17). The same group have also prepared (2-*4) and (2->6)-methylene-linked 


















Vogel et al have employed the radical approach in their synthesis of a-(1---*2), 
cc-(I—>3), a-(1--.4) and a-(1-5)-linked-C-disaccharides. 117  They reported addition of 
the same glucopyranose radical as Giese et alto 7-oxobicyclo[2.2. 1]heptan-2-one 
derivatives '118 ( commonly known as a "Naked Sugar"). In more recent work the 
group report the first synthesis of a-D-GaIp-CH2-(1—*3)-a-D-Maiy.'-OMe (60).h19 
Scheme 18 shows the stereoselective addition of 2,3,4,6-tetra-0-
acetylgalactopyranosyl radical (57) onto a 3 -methylidene-7-oxobicyclo[2.2. 1 ]heptan-2-
one derivative (61) which gives a 1:1 mixture of a-galactosides (62 and 63) in 65% 
yield. The ketone moiety was subjected to borohydride reduction and the resulting 
alcohol (64) following extensive chemical manipulation afforded the a-(1--3)-1inked 
product. 
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Motherwell and co-workers have exploited this methodology in their 
preparation of difluoromethiene-linked C-disaccharides as part of their ongoing 
programme of isoelectronic replacement of glycosidic oxygen in natural product 
45 
analogues. 120,121  In Scheme 19 they use the addition of a glucoyranosyl radical (65) to a 
difluorenol ether (66) which affords the CF 2-(1---6)-linked product (67) in 40% yield. 
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(ii) nBu,SnH, AIBN, benzene; (ii) 12,  CCL, 
Scheme 19 
A modified methodology, which involves the use of "tethers" to direct the 
approach of radical species to olefins, was first reported by Sinay et al.'22 
"23  The 
selenoglucoside derivative (68) is coupled to the sugar olefin (69) using a 
dimethyldichiorosilane linker. The tethered compound (70) is then treated with 
tributyltin hydride to form the radical which subsequently performs a directed 
intramolecular addition reaction to afford the cc-(I-+4)-linked C-disaccharide (71) as a 

















(i) Me2SiC12 ; (ii) BuLi ; (iii) nBu3 SnH 
Scheme 20 
The same group further extended their tethered radical approach to include 
phenylsulfones as sources of glycosidic radicals, generated via treatment with 
samarium diiodide. 124  The tethered compound (72), produced as above, is first treated 
with samarium diiodide to form the new glycosidic linkage and the tether is then 
removed with hydrogen fluoride under aqueous conditions to produce the methylene-
linked C-disaccharide (73). The combined yield for the two steps shown in Scheme 21 



















(i) Sm12 ; (ii) BF, H20 
Scheme 21 
1.4.5 Cycloaddition Methods 
The use of Hetero Diels-Alder technology has also been reported in the 
synthesis of C-disaccharides. This cycloaddition reaction is used as a means of directly 
forming a sugar-ring from acyclic substrates (Figure 14). 
OR 
bz_~ OR' 	 + 
Figure 14 
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Jurczak et a! 125  first reported the use of this methodolgy in their preparation of 
a sugar substituted dihydropyran ring system (75). This C-disaccharide analogue was 
formed as a single isomer as a result of the endo approach of the sugar-derived 
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Danishefsky and co-workers 126  further extended this methodology with 
chelation control of the key step to produce only one isomer in a yield of 79%. Their 
resulting dihydropyranone product (76) would be a suitable precursor for various 













In addition to the Hetero Diets-Alder reaction, 1,3-dipolar cycloaddition has 
also proved useful in C-disaccharide synthesis. Nitrite Oxide Cycloaddition 
methodology (Figure 15) provides the chemist with a way of linking two highly chiral 
fragments in a regio and stereoselective manner as well as introducing a wide variety of 
functionality into the linker. 
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Figure 15 
An early example of this method, illustated in Scheme 24, is notable for the 
high stereo selectivity in the resulting isoxazoline-bridged product (77) obtained. 127 
This is likely to be a consequence of steric bulk on the nitrite oxide (78) directing its 
approach to the cc-face of the exocyclic sugar methylene. Ring opening reactions were 
50 
not performed on the resulting isoxazoline (77), but there was no doubt scope for 














Paton and co-workers have reported the use of nitrile oxide cycloaddition 
chemistry in their synthesis of (1-->2) and (1—>3) linked C-disaccharides with 
flinctionalised bridges. 12' The first step in their synthesis is cycloaddition of the 13-D-
xylose nitrile oxide (79) to the D-glucose derived alkene (80) to afford a 1:1 mixture of 
regiomeric isoxazolines (81a and Sib) in a combined yield of 66%. Deacetylation was 
then carried out before the isoxazoline rings were subjected to reductive hydrolysis to 
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(i) Tolylene di-isocyanate (TDI), NEt 3 , CH202 , A; (ii) KCN, MeOH; 
(iii) Raney-Ni, H2 , B(OH)3 , MeOH, H20 
Scheme 25 
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The same group have reported the use of this method in a stereocontrolled 
route to (1-+6)-hydroxymethylene-linked C-disaccharides.' 29 The cycloaddition of the 
D-xylose derived nitrite oxide (79) to the D-glucose derived alkene (84) affords a 
diastereomeric mixture of isoxazolines (85a and 85b) in a ratio of 78:22 and a 
combined yield of 93%. The major adduct (85a) was found to have R stereochemistry 
at the newly created chiral centre. Isoxazoline (85a) was converted in 55% yield to 13-
hydroxyketone (86) by deacetylation followed by reductive hydrolytic cleavage. 
Compound (86) was reduced with L-Selectride to give in a 65:35 mixture of 1,3-diols 
(87a and 87b) in 79% combined yield. Final treatment of the 7R isomer (87a) with 
aqueous trifluoroacetic acid resulted in deacetylation followed by furanose to pyranose 
conversion to afford dipyranose C-disaccharide (88) as a 38:62 mixture of cx- and 
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(i) TIN, NEt3 , PhMe, reflux; quenching with H2NCH2CH2NH2 , 0°C ; (ii) KCN, MeOH, CH202 ; 
(iii) Raney-Ni, H2 , B(OH) 3 , MeOH, THF, H20; (iv) NaBH4 or L-Selecthde ; (v) CF 3CO2H, H20 
Scheme 26 
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1.4.6 Other Approaches 
There have been several other methods of C-disaccharide synthesis reported. 
Ni(H)/Cr(ll) mediated coupling reactions of vinyl iodides with aldehydes has been 
utilised by Kishi and co-workers to synthesise C-sucrose '3° and methylene-linked 
analogues of isomaltose and gentibiose.' 3 ' Organotin chemistry has been employed by" 
Jarosz and Fraser-Reid to produce unsaturated C-disaccharides.' 32"33"34 Nicotra et at 
have produced C-disaccharides via condensation reactions of glycosidic enols with 
glycosyl cations that have both been derived from the same precursor. 
135,136 Casiraghi 
and co-workers 137 reported the synthesis of a difuranose C-disaccharide via the 
condensation of a sugar aldehyde with 2-(trimethylsiloxy) fliran. De Raadt and 
Stütz138  synthesised unsaturated a-(1—>6)-linked C-disaccharides by coupling tri-O-
acetyl-D-glucal with fliranose and pyranose allylsilanes via a BF3 catalysed "carbon-
Ferrier rearrangement". 
55 
1.4.7 Conformation of C-disaccharides 
The growth in interest in C-disaccharides as structural analogues of 0-
glycosides is largely attributed to the belief that these C-bridged compounds are 
thought to affect the activity of glycosidases as competitive inhibitors of the natural 
compounds. As a result, it is important that both compounds, the natural substrate and 
its C-glycoside analogue, are recognised by the enzyme in a similar way. 
The extensive work carried out by Kishi et a! 91  has supported the long held 
view that the conformation of C-glycosides is very similar to that of the corresponding 
0-analogues. However, in a recent publication Jimenez-Barbero and co-workers have 
used 2-dimensional NMR techniques to show that this is not the case for 0- and C-
lactoses (Figure 16). "9  
	












2. 	RESULTS AND DISCUSSION 
2.1 	Programme of Research 
Carbon-linked disaccharides (C-disaccharides) in which two monosaccharide 
units are linked with a carbon bridge, are becoming increasingly important natural 
product analogues. As a result of their close structural and conformational similarity 
to 0-linked disaccharides, 9 ' they present excellent candidates for glycosidase 
inhibitors and have the potential for widespread use in medical, veterinary and 
agricultural applications (Section 1.3.6). 
The synthesis of C-disaccharides provides the organic chemist with many 
challenges. There have been several methods employed since they were first reported 
in 1983 by Rouzand and Sinay. 83 Carbonyl and radical addition reactions, Wittig 
reactions, nitro-aldol chemistry and cycloaddition reactions have all proved useful in 
specific areas of C-disaccharide synthesis and these approaches are reviewed in 
Section 1.4. Most routes have been aimed at the preparation of methylene-bridged 
C-disaccharides and there have been few examples of analogues with functionalised 
linkages. It was felt that this new class of products could show promising biological 
activity resulting from their structural resemblance to known glycosidase inhibitors 
such as the a.zasugars and functionalised C-glycosides (Section 1.3.4), and the present 
work was therefore aimed at developing a synthetic route to such compounds. 
The Nitrile Ox.idellsoxazoline route was selected as it was considered to be 
well suited to the objectives of this project, as it could provide access to 
hydroxymethylene, aminomethylene and carbonyl-linked C-disaccharides, and it had 
shown promising results for the synthesis of higher monosaccharides 140 ' 14 ' and 
azasugars 142"43 as well as for 1,3-linked C-disaccharide ' 28 synthesis. 
The route involves three steps as illustrated in Scheme 27. The first is [3+2] 
cycloaddition of a nitrile oxide to a monosubstituted alkene which takes place with 
predictable regio- and stereoselectivity to form the isoxazoline. The stability of this 
heterocyclic nucleus enables modifications to be made to the substituents (R, and R 2) 
as well as introduction of new substituents at the 4-position thus greatly increasing the 
range available. Finally, the heterocyclic ring may be subjected to a variety of 
cleavage protocols to afford a wide range of functionalities including 13-
































The objectives of the work described in this thesis were two-fold; firstly to 
further the investigations into synthesis of C-disaccharides and secondly to explore 
approaches to amino containing glycosidic linkages. Scheme 28 shows 
retro synthetically the cycloaddition reaction of a pyranose 1 -nitrile oxide to a terminal 
alkene to produce a 1,6-linked C-disaccharide. The nitrile oxides chosen were (79) 
derived from D-xylose, (89) derived from D-galactose and (90) derived from D-
mannose. The xylose and galactose derivatives were selected as they had previously 
been used successfully in cycloaddition reactions within the group. On the other 
hand, the cycloaddition chemistry of the mannose derivative had not previously been 
studied. Moreover, D-galactose and D-mannose (along with D-glucose) are principal 
components of glycoconjugate systems (Section 1.3.3), and in view of this 
development of a synthetic route to products containing these fragments was regarded 















The selection of the dipolarophile component was made with a view to 
exploring routes to functionalised C-glycosides and C-disaccharides. The 
dipolarophiles chosen were both commercially available achiral alkenes for model 
studies; methylenecyclohexane (91) and styrene (92); and sugar alkenes (84) and (93) 
derived from D-glucose and D-mannose respectively, for C-disaccharide synthesis. 
0— 	—\ Ph 
91 	 92 
I1 	0 1\s) "OMe 
BnO 	•'•"O 	 °;:x: 
84 	 93 
Nitrile oxide cycloaddition to methylenecyclohexane is expected to be 
regiospecific and, as no new asymmetric centre is created, affords only one 
isoxazoline product as shown in Scheme 29. Styrene was selected as, being a more 
reactive dipolarophile, it could be employed in cycloaddition reactions with less 
reactive nitrite oxides. These model alkenes also offer the potential for making 
analogues of the glycosidase inhibitor (30) reported by Schmidt . 60 The carbohydrate 














2.2 	Synthesis of Alkenes 
2.2.1 3-0-Benzyl-5,6-dideoxy- 1 ,2-O-isopropylidene-a-D-xylo-hex-5-
enofuranose (84) 
The synthetic sequence started with commercially available 1,2:5,6-di-0- 
isopropylidene-D-glucose (diacetoneglucose) (94) which has the anomeric position 
protected and the sugar locked in the 5-membered furanose form, thus leaving the 5-
and 6- positions available for transformation into the alkene (Scheme 30). In the first 
step the free hydroxyl at the 3- position was protected by benzy1ation. 144 Selective 
hydrolysis 141  of the 5,6-isopropylidene group yielded the 5,6-diol (95) and subsequent 
treatment with methanesuiphonyl chloride and pyridine afforded the dimesylate' 46 (96) 
directly as a white crystalline solid. In the final stage the dimesylate was converted to 
alkene (84) using a zinc/copper couple in a modified 
147  version of the well established 
Tipson-Cohen ' 48  procedure. The overall yield for the four step conversion of 
diacetoneglucose into the xylo alkene' 49 (84) was 59%. As the product was found to 
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decompose on prolonged storage, the final stage was carried out just prior to the 
alkene being required for a cycloaddition reaction. 
















(i) NaH, BnC1; (ii) AcOH, H 20, 40°C; (iii) MsC1, pyridine; (iv) Zn/Cu couple, Nal, 133°C 
Scheme 30 
2.2.2 Methyl 5,6-dideoxy-2,3-0-isopropylidene-a-D-lyxO-hex-5- 
enofuranoside (93) 
A similar approach was adopted for the lyxo alkene 150 (93), a C-2 epimeric 
analogue of the xylo alkene (84). It was prepared from commercially available D-
mannose in four steps in an overall yield of 70% (Scheme 31). In the first stage a 
one-pot acid-catalysed reaction with acetone and methanol was used to produce a 
fully protected fliranose glycoside (97). "' The 5,6-isopropylidene group was then 
cleaved by selective acid hydrolysis under careful temperature control (23°C) to avoid 
complete deprotection, and the resulting 5,6-diol (98) subsequently treated with 
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methanesulphonyl chloride and pyridine to afford the dimesylate (99) as a stable white 
crystalline solid. The modified Tipson-Cohen reaction was again used to convert the 














(i) Acetone, MeOH, conc. HC1, reflux; (ii) conc. HC1, H 20, 23°C; (iii) MsC1, pyridine; 
(iv) Zn/Cu couple, Nal, 133°C 
Scheme 31 
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2.3 	Synthesis of Nitrite Oxide Precursors 
Three pyranose 1-nitrile oxides were selected for use in cycloaddition 
reactions: (79) derived from D-xylose, (89) derived from D-galactose and (90) 
derived from D-mannose. All three were generated in situ by dehydration of the 
corresponding 2,6-anhydro- 1 -deoxy-nitroalditol under modified Mukaiyama 152 
conditions. Such primary nitro compounds are generally stable crystalline solids with 
good shelf-life and, in addition, they are available on a multi-gram scale. They thus 
represent excellent candidates for precursors to the nitrile oxides required. Although 
all three precursors are literature compounds, 114  only the cycloaddition reactions of 
the D-xylose derived nitrile oxide (79) have been studied in detail, 8 ' and those of the 
D-mannose compound (90) have not previously been reported. 
2.3.1 3,4,5-Tri-O-acetyl-2,6-anhydro- 1-deoxy-1-nitro-D-gulitol (100) 
f3-Xylopyranosylnitromethane derivative (100) was synthesised in three steps 
from D-xylose in 46% overall yield using a modified 113  version of the procedure 
reported by K611 114  (Scheme 32). Firstly, D-xylose was converted into its primary 
nitroalditol (101) using a Fischer-Sowden reaction,"' which involves base-catalysed 
addition of nitromethane. The product was not isolated, but instead carried through to 
3-xylopyranosylnitromethane (103) by heating to reflux in water. The cyclisation is 
thought to proceed via dehydration to cc-nitro olefin (102) followed by nucleophilic 
attack at C-2 by the C-6 hydoxyl group. 156  The 13-isomer was crystallised in 49% 
overall yield from D-xylose; none of the cc-isomer was detected. The 13-isomer was 
then acetylated under acidic conditions to afford 3,4,5-tri-O-acetyl-2,6-anhydro-1-
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(i) CH3NO2, NaOMe; (ii) H20, reflux; (iii) Ac 20, CF3CO2H 
Scheme 32 
From its 'H NMR data it was deduced that compound (100) adopts the least 
hindered of the two chair conformations, i.e. the 'Cl conformation which has all 
substituents in equatorial positions. The 3J couplings for H2-H3, H34 4, H4-H5 and 
H5146a, shown in Figure 17, are all in the range 9.4-10.6 Hz. and are typical of trans 
diaxial protons. Evidence for n-configuration at the anomeric position is provided by 
the 10 Hz. coupling between H2 and H3 ; the corresponding a-compound would be 
expected to show an axial-equatorial coupling in the range 2-3 Hz. 
Coupling 3J Hz. 
115 H2-H3 
10.0 
IH4e 	1:13 H3-H4 9.4 
A 
 co
cO H4-H5 9.4 
H6a 'OAcI 
H4 	H2 145-1f6e 5.6 
100 
H5-Ha 10.6 
Figure 17: 'H NMR coupling constants for the acetylated derivative (100) 
2.3.2 3,4,5,7-Tetra-O-acetyl-2,6-anhydrO-1-deOXy- 1-nitro-D-glycero-L-manno-
heptitol (104) 
The f3-galactopyranosylnitromethane derivative (104) was prepared similarly 
from D-galactose (Scheme 33). The overall yield was 46% and, as in the previous 
case, no a-isomer was isolated; the preference for this is attributed to the 13-isomer 
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being able to adopt the less hindered 4C 1 conformation (Figure 18). Again, the 
coupling magnitude between H2 and H3 of 9.7 Hz. support the assignment of 0-
stereochemistry at the anomeric position. 
CH2NO2 	 ¶jHNO2 
H+OH 	
CH 
(I) 	H--OH (ii) 	H--OH D-Galactose 	P., HO--H 	 HO--H 
	
HO—I—H HO--H 
H+OH 	 H—,—OH 
CH20H CH20H I 
OR OR 	
OR 
RO .CH2NO2 	 RO'. ,)-.uCH2 NO2 
OR 	 RO OR 
R=H 
) R=Ac 104 
(i) CH3NO2, NaOMe; (ii) H20, reflux; (iii) Ac20, CF3CO2H 
Scheme 33 
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Figure 18: 'H NIVIIR coupling constants for the acetylated derivative (104) 
2.3.3 3,4,5,7-Tetra-O-acety-2,6-anhydro-1-deoxy-1-nitrO-D-gl.YCeFO-D-galaCtO -
heptitol (105) 
The 3-mannopyranosylnitromethane derivative (105) was prepared in 31% 
overall yield from D-marmose using a similar route to that for the xylose and 




























) R=Ac 105 
(i) CH3NO2, NaOMe; (ii) H2O, reflux: (iii) Ac 20, CF3CO2H 
Scheme 34 
Figure 19 shows the four possible pyranose conformations for the mannose 
derivative, the most likely being the two 4C, forms on the grounds that both the a and 
0 'C4  conformations have too many substituents in sterically unfavourable axial 
environments. It had previously been assumed by Fortsch and co-workers on the 
basis of 'H NMR couplings and ' 3C data that this nitroalditol had 4C, conformation. 
153 
However, as both 4C, conformations have an equatorial hydrogen at the C-3 position, 
NMR coupling constants cannot be used to distinguish between them. In the case of 
the a-anomer a di-equatorial coupling of 2-3 Hz. for H 2-H3 would be expected, whilst 















13 1 C4 
Figure 19 
However, in the course of this project it was possible to obtain definite 
evidence for the structure of nitroalditol (105). The proton spectrum of compound 
(105) was assigned with the help of decoupling experiments and the resonances for 
H-2, H-4 and H-6 identified to enable an NOE study to be performed. Figure 20 









The NOE experiment showed that irradiations of the signals for H 4 and 116 
caused the resonance attributable to H 2  to increase by 2%. It is therefore concluded 
that the structure of the mannose derived nitrosugar (105) is that with the 13 4C1 
conformation as shown in Figure 21. 
Coupling 3J Hz. 
H5 	OAc 
H2 H3 1.2 
• / OAc H3-H4 3.5 
Ac0 0\ 




Figure 21: 'H NIvIR coupling constants for the acetylated derivative (105) 
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2.4 	Nitrite Oxide Cycloaddition Reactions 
2.4.1 General 
The pyranose 1-nitrite oxides were generated in situ from the corresponding 
primary nitro-compound using the Mukaiyama dehydration procedure as illustrated in 
Scheme 35. 
Base 	 + - 
R—CH2NO2 + WNCO 	10 R—C=N—O + R'NHCONHR + CO 2 
Scheme 35 
The proposed mechanism for the reaction involves initial base catalysed 
abstraction of a proton to form the nitronate anion, which is believed to attack the 
isocyanate present in the reaction mixture as shown in Scheme 36. Subsequent 
elimination of carbon dioxide generates the nitrile oxide, and reaction of the amine co-
product with further isocyanate affords the symmetrical urea. 
NEt3 	 +0 	 0 




R'—N=C=O 	 k) o 
+ - 	 R +6 R—C=N—O 
+ 	 HO 
R'NCO 
R'NHCONHR' 	 R'NH2  + CO2 R'J0 
Scheme 36 
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Phenyl isocyanate is generally employed as the dehydrating agent in this type 
of reaction, however it can make work-up difficult and it was therefore decided to 
modify the procedure"' and use tolylene di-isocyanate (TDI). On reaction 
completion, excess TDI may be quenched with 1,2-diaminoethane to produce a 
polymeric urea which is readily removed from the reaction mixture by filtration. 
However, when phenyl isocyanate is employed in excess as the dehydrating agent, it 
must be removed by chromatography. 
The cycloaddition was carried out by slow addition of a solution of nitrile 
oxide precursor using a syringe pump to a solution containing dipolarophile, 
isocyanate and triethylamine at reflux. This method ensures that the concentration of 
nitrile oxide in the reaction mixture is always very small in comparison with that of the 




The isoxazoline products were separated from unreacted alkene by 
chromatography and the diastereomer ratio was then determined by comparison of the 
anomeric proton signals in the 1H NIl\41R spectrum of the cycloadduct mixture. The 
individual cycloadducts were separated by further column chromatography or 
selective recrystallisation, and then characterised by 1H NMR, ' 3C NMR, FAB mass 
spectrometry, optical rotation and in the case of (111) by X-Ray crystallography. 
74 
Chemical formulae were verified by high resolution FAB mass spectrometry and/or 
elemental analysis. 
2.4.2 Cycloaddition of Nitrite Oxide (79) to Methylenecyclohexane 
This reaction was carried out by the slow addition over 40 hours of nitrile 
oxide precursor (100) in toluene to a refluxing solution of excess alkene (91) and TDI 
with a catalytic amount of triethylamine. These conditions were designed to produce 
a low concentration of nitrile oxide in the presence of a high concentration of alkene, 
and hence minimise the formation of furoxan. The cycloaddition reaction proceeded 
in good yield (60%) and, after removal of excess TDI and alkene, gave a single 
product which was purified by recrystallisation from ethyl acetate. The isoxazoline 
product was identified as 5-spirocyclohexyl-3-(2,3 ,4-tri-O-acetyl--D-xy1opyranos- 1-
yl)-2-isoxazoline (106) and was characterised by elemental analysis, optical rotation, 







Resonance 5H Coupling J/Hz. 
 418 1',2' 99 
 495 2 1 ,3' 96 
 5.24 3 7 ,4' 11.3 
 4.95 4',5'eq 5.7 
5 7 a 4.09 4' 1 5'ax 10.8 
5'b 3.32 
4a, 4b 2.74 Geminal 4a,4b 20.9 
1"a,b-5"a,b m 1.20-1.78 
(10 H) 
Table 3: 'H NIVIIR data for cycloadduct (106) 
Resonance 





1 11-5" 23.1, 26.7, 30.7, 36.0, 36.3 
Ac C=O 169.6, 169.7, 169.8 
Ac CH3 20.3, 20.4, 30.7 
Table 4: ' 3C NMR data for cycloadduct (106) 
The 1H NMIR coupling constants confirm that the pyranose ring of the 
cycloadduct adopts the 4C 1 chair conformation and that the anomeric substituent is 13 
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(Figure 22). This is the same arrangement as that found for the nitrile oxide precusor 
(100). The relevant coupling constants for adduct (106) and precursor (100) are 
shown in Table 5. In the isoxazoline ring protons 4a and 4b appear as a doublet of 

















1',2' 99 100 
2 1 ,3' 96 94 
3 1 ,4' 11.3 9.4 
4',5'eq 5.7 5.6 
4',5'ax 10.8 10.6 
Table 5: Comparison of coupling constants for compounds (100) and (106) 
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2.4.3 Cycloaddition of Nitrile Oxide (79) with Styrene 
The second model dipolarophile studied was styrene. This reaction was 
performed using a similar procedure to that previously used for cycloaddition of the 
same nitrile oxide to methylenecylohexane. Again, a solution of the nitrile oxide 
precursor (100) was pumped slowly into a solution of excess alkene (92; 5 
equivalents), TDI (3 equivalents), which together with a catalytic amount of 
triethylamine was heated to reflux. The excess TDI was removed in the normal 
manner by quenching the reaction with 1,2-diaminoethane to form an insoluble 
polymeric urea which was removed by filtration. 
Dry flash column chromatography was used to remove the unreacted styrene 
to afford a Ca. 1:1 mixture of diastereomeric adducts in a combined yield of 57%. 
From the mixture of diastereomers the less polar isomer was purified by 
chromatography and recovered as a white foam in 25% yield. This product was 
identified as one of the two 5-phenyl-3 -(2,3 ,4-tri-O-acetyl-f3-D-xylopyranosyl)-2-
isoxazolines (107) and was characterised by FAB mass spectrometry, 'H NMIR (Table 






Resonance 8H Coupling J/Hz. 
1' 429 1 3 ,2' 99 
2' 502 2',3' 97 
3' 5.91 3 1 ,4' 9.5 
4' 4.98 4',5'eq 5.6 
5'eq 4.11 4',5'ax 10.9 
5'ax 3.36 4a,4b 17.1 
4a 2.96 4a,5 8.8 
4b 3.47 4b,5 10.9 
5 5.53 
Ph 7.0- 7.5 
OAc 2.13, 2.14, 2.15 
Table 6: 'H NMR data for cycloadduct (107) 
Resonance öc 





Ph 1 140.1 
Ph o,m 125.8, 128.5 
Php 128.1 
Ac CO 169.7, 169.8, 169.7 
Ac CH3 20.4, 20.5 (x2) 
Table 7: ' 3C NUR data (in CDCI3) for cycloadduct (107) 
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The lack of diastereoselectivity observed is not surprising for addition of a 
chiral nitrile oxide to an achiral dipolarophile. For example it has been reported that 
D-glyceronitrile oxide derivative (108) gives a 50:50 mixture of adducts on reaction 
with styrene, 157  and oxazolidine analogue (109) is similarly non-selective.' 58 This is in 
distinct contrast to the strong preference for erthyro adduct formation in the 
cycloaddition reactions of achiral nitrile oxides to certain chiral dipolarophiles, 
particularly allyl ethers; diastereomer ratios as high as 95:5 have been observed for 
such additions. 159  In the present case of the cycloaddition of nitrile oxide (79) to 
styrene the minimal it-facial selectivity may be attributed to the greater distance 
between the pre-existing and newly formed stereocentres. This effect is illustrated for 
both cases in Figure 23. 
\X/ 
o o 	 0 NBoc 
	
108 	 109 
+- 	 1* 
R—CN—O —C—C=—N-0 
OR 
4 	 I 	 I 	 I 	 I 
I I I I 
I 	 I 	 I 
1 I 	 I 
H2 CH III 
Figure 23 
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The 'H NMR coupling constants confirm that the pyranose ring of the 
cycloadduct adopts the 4C 1 chair conformation and that the stereochemistry at the 
anomeric position is 13 (Figure 24). A comparison of the coupling constants for 
cycloadduct (107) and nitrile oxide precusor (100) is given in Table 8. In this 
instance, the magnitude of the geminal coupling J4a,4b was found to be 17.1 Hz. which 
is again in the range expected for isoxazolines. 
1:14' 5'a H2' 
AcO l_0\ R1 
AcO -y 
H3 ' 	H1 ' 
R1 = CH2NO2 	 100 
RI 







2',3' 97 94 
3',4' 9.5 9.4 
4',5'eq 5.6 5.6 
4',5'ax 10.9 10.6 
Table 8: Comparison of coupling constants for compounds (100) and (107) 
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2.4.4 	Model Cycloaddition Reactions with D-Mannose derived Nitrile 
Oxide (90) 
2.4.4.1 	Cycloaddition Reaction with Methylenecyclohexane 
The cycloaddition .reaction of the D-mannose derived nitrile oxide (90) to 
methylenecyclohexane (91) was attempted using firstly the protocol with TDI as 
dehydrating agent. However, following the standard work-up conditions, only 
starting material was recovered. The reaction was then repeated with phenyl 
isocyanate, as this dehydrating agent was considered to be more reactive. The normal 
work-up procedure again yielded starting material; its identity was confirmed by tic 
and 1H NMIR spectroscopy by comparison with an authentic sample. 
2.4.4.2 	Cycloaddition Reaction with Styrene (92) 
Styrene (92) was chosen for the next model cycloaddition study with the D-
mannose derived nitrile oxide (90) as it is known that such monosubstituted 
arylalkenes are better dipolarophiles than 1,1 -disubstituted alkenes such as 
methylenecyclohexane. 2  Initial experiments performed under conditions similar to 
those used for cycloaddition of the xylopyranosyl nitrile oxide (79) to styrene gave 
only low to moderate yields of product (<10%). Several experiments were carried 
out under a variety of conditions which involved varying the reaction temperature and 
the dehydrating agent. The optimised conditions involved using PhNCO as 
dehdrating agent with toluene as solvent and, following chromatographic removal of 
unreacted styrene, a diastereomenc mixture of isoxazolines was afforded in a 
combined crude yield of 80%. A 'H NIVIR spectrum of the mixture revealed an 
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isomer ratio of Ca. 1:1. The less polar diastereomer was isolated via chromatography 
as a white semi-crystalline solid in 34% yield. The product was identified as one of 
the 5-phenyl-3 -(2,3 (110) by 
FAB mass spectrometry and '3C NUR (Table 9). The carbon spectrum shows 
characteristic peaks for the isoxazoline ring and 5-phenyl substituent very similar to 
those for the corresponding adduct (107) derived from the xylose nitrile oxide (79) 










Ph i 150.6 
Ph o,m 129.1, 139.3 
. Ph p 132.7 
Ac CH3 38.8, 39.2, 39.6, 40.0 
Ac CO 179.0- 18 1. 0 (x4) 
Table 9: 	13CNI1\41R data (in acetone-d 6) for less polar adduct (110). 
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2.4.4.3 	Deuterium Labelling NMR Studies of Nitronate Anion Formation 
As the D-mannose nitrile oxide (90) had shown lower than expected reactivity 
with methylenecyclohexane and with the normally reactive dipolarophile styrene (92), 
possible explanations were considered. The generally accepted mechanism for the 
Mukaiyama dehydration involves three stages: (i) formation of the nitronate anion; (ii) 
nucleophilic attack on the isocyanate by the nitronate anion, and (iii) abstraction of the 
second methylene proton to form a secondary amine and extrude carbon dioxide ( see 
Scheme 36, reproduced below). From this it may be deduced that either the nitronate 
anion was not being formed, or that it was not reacting with the isocyanate, or that 
the final proton abstraction step was either sterically of electronically impeded. 
NEt3 	 +0  




R'—N=C=O 	 4) 
+- 	 R +6 R—C=N—O - 
+ 	 HO 
R'NCO 
R'NHCONIIR - 	 RNH2  + CO2 	 R'-'J'0 
Scheme 36 
84 
a. 	D.Ga1actose derived nitro compound 
(104) before 1)20 shake 
la,b 
b. 	D-Galactose derived nitro compound 
(104) after D20 shake 
C. 	D-Mannose derived nitro compound 
(105) before D,O shake 
d. 	D-Mannose derived nitro compound 
(105) alter D20 shake 
3.5 
n / ppm 
Figure 25 
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Initially it was decided to test the first stage, i.e. nitronate anion formation, 
using a deuterium labelling NIVIR experiment. The nitro compound was dissolved in a 
small amount of deuterated chloroform and a catalytic amount of triethylamine added 
in order to form the nitronate anion (the first step of nitrile oxide formation). The 'H 
NtvIR spectrum was obtained and the CH2NO2 proton resonances (la, b) identified. 
D20 was then added to the NIvIR tube which was shaken vigourously before a second 
'H NIMR spectrum was obtained for comparison. Figure 25 shows part of the proton 
spectra for the primary nitro compounds derived from D-galactose (104) and D-
mannose (105) before and after the D 20 shake. In both cases the CH2NO 2 proton 
resonances [at 4.40-4.58 ppm for (104) and 4.29-4.53 ppm for (105)1 have 
disappeared from the spectrum indicating that deuterium exchange has occurred. It 
may be concluded from this investigation that the problem of poor reactivity with the 
D-mannose derived nitrile oxide (90) does not lie in the first step of nitronate anion 
formation. 
Having found that nitronate anion formation does indeed occur, it was felt that 
the problem of low reactivity must lie in the following steps which involve reaction 
with the isocyanate moiety. A possible explanation is that the presence of the axial 
acetyl group at the 2-position of the sugar ring impedes either approach of the 
isocyanate to the nitronate anion, or perhaps the next stage i.e. the intramolecular 
abstraction of the second proton from the methylene to form the arylamine with loss 
Of CO2. Figure 26 (a and b) shows two possible conformers for the nitronate anion 
which show that in the case of (b), the remaining methylene proton may be favourably 
H-bonded to the axial acetyl group. From the examination of diagrams/models it 
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appears that for all possible conformations both the negatively charged oxygen atoms 
would be available to react with the isocyanate. Figure 26 also illustrates the two 
limiting cases for the resulting urethane adducts in which the plane of the urethane 
fragment is either in alignment with the best plane through the sugar ring (c) or is 
orthogonal to it (d). For limiting case (c) abstraction of the methylene proton would 
appear to be possible. However, in the second case (d) the adjacent acetyl group 
interferes sterically with the approach of the isocyanate derived negatively charged 
nitrogen atom. Moreover, for conformation (d) it would again be possible to get H-
bonding interaction between the remaining methylene proton and the nearby acetyl 
oxygen atom. This H-bonded arrangement could give added stability to this structure 
and, if this were the case impede abstraction of the second methylene proton. In any 
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From this investigation of nitronate anion formation and examination of model 
structures it may be concluded that the problem of lower than expected reactivity of 
the mannopyranosyl nitrile oxide (90) is most likely to lie in the final stage i.e. the 
second methylene proton abstraction. 
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2.4.5 	Cycloaddition Reactions to Methyl 5,6-dideoxy-2,3-0- 
isopropylidene-a-D-lyxo-hex-5-enofuranoside (93) 
The conditions used for the following cycloaddition reactions were similar to 
those used with the model dipolarophiles. Diastereomeric ratios were determined by 
comparison of integrals in the 'H NIvIR of the crude cycloadduct mixture after 
chromatographic removal of excess alkene. All cycloaddition products were 
characterised by 'H and ' 3C NMR spectroscopy, FAB mass spectrometry and in the 
case of (111) X-ray crystallography data were also obtained. Chemical formulae were 
verified by high resolution FAB mass spectrometry or elemental analysis. 
2.4.5.1 	2,3,4-Tri-O-acetyl-f3-xylopyranosyl-1-nitrile Oxide (79) 
In this cycloaddition reaction the nitrile oxide precursor (100; 1 equivalent) in 
toluene was added slowly via a motorised syringe pump into a solution of alkene (93; 
4 equivalents), TDI (3 equivalents) and triethylamine (0.5 equivalents) which was held 
at refiux over a period of 48 hrs. The reaction was then cooled to 0°C and the excess 
TDI consumed by addition of 1 ,2-diaminoethane to form an insoluble polymeric urea 
which was removed by filtration as before. The excess alkene was recovered for 
subsequent reuse using dry flash column chromatography and a sample of the crude 
mixture of diastereomeric isoxazolines taken for isomer ratio determination by proton 
Using this procedure a pair of diastereomeric isoxazolines (I 11 and 112) were 
obtained in a combined yield of 67% (Scheme 37). The diastereomer ratio was found 
to be 82:18 by comparison of the integrals for the anomeric proton resonances which 
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Figure 27 	Proton-Carbon Correlation Spectrum of Adduct (111) 
are well separated. The major diastereomer (111) was isolated by further 
chromatography and selective recrystallisation, and identified from its N1VIIR spectra 
with the help of a proton-carbon correlation experiment (Figure 27, facing). Full 
assignment of all peaks was achieved and the 'H and ' 3C data are presented in Tables 









OAc N,.. 5 4" 
o,x 
111 	 112 
Scheme 37 
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Resonance 5H Coupling JIHz 
 492 1 77 ,2" 00 
 452 2",3" 59 
 4.71 3 11 ,4" 3.7 
 3.95 4 11 ,5 6.5 
4a 3.12 	. 4a,5 10.5 
4b 3.10 4b,5 8.5 
5 4.86 4a,4b 18.7 
 423 1,2' 99 
 500 2 1 ,3' 88 
 527 3',4' 95 
 5.01 4',5'a 5.6 
5'a 4.13 4 7 ,5'b 9.9 
5'b 3.34 5'a,5'b 11.0 
OCH3 3.27 
C(CH3)2 1.27, 1.44 
Ac CH3 1.98-2.01 
Table 10: 	'H NTVIIR data for major isoxazoline (111). 
Resonance 5C Resonance 
1" 1071 3' 689 
2" 847 4' 689 
3" 79.2 5' 66.6 
4" 79.1 C(CH3)2 112.6 
3 155.8 C(CH3)2 24.3, 25.7 
4 35.4 Ac C0 169.7 (x 3) 
5 78.0 Ac CH3 20.5 (x 3) 
 74.3 OCH3 54.5 
 72.6 









The products were found to have characteristic NMR spectra. The 
isoxazoline protons appear as an ABX spin system with H 5 at highest chemical shift, 
and H4a and H4b show a geminal coupling of 18.7 Hz. comparable with the values 
found in the model systems. The coupling values for H 1.-H2., H2.-H3. and H3.-H4, in the 
pyranose ring are all in the range 8.8 - 9.8 Hz. which is indicative of trans diaxial 
protons and good evidence for 13 4C 1 conformation. 
The stereochemistry of the major isoxazoline (111) was determined by X-Ray 
crystal analysis which verified the new chiral centre at C-5 to have R configuration 
and that the sub stituents on the C-4" -C-5 bond were arranged in an erthyro 
relationship (Figure 28, facing). The numbering scheme used for the X-Ray data is 
illustrated below in Figure 29 and numbers the structure as a dodecose derivative 
starting with the anomeric carbon of the furanose ring. Using the Haasnoot 
parameterisation 16°  of the Karplus equation the proton-proton coupling constants 
were calculated from the torsion angles obtained from the crystal structure and 
compared to those observed in solution (Table 12). Although satisfactory correlation 
is found for some of the data e.g. J8 ,9 , J9, 1o, frn,ii, J11,1, J11,12b , there are significant 
deviations elsewhere. In particular the relationship between the calculated and 
observed J-values for the isoxazoline ring protons is poor, and there is also significant 
deviation at the ring junction with the newly created chiral centre; J4 , 5 which may 
indicate a difference in preferred conformation in solution and in the crystal. 
Previous work on sugar substituted isoxazolines 142 has shown that the 
Haasnoot parameterisation does not always give good correlation with the 
experimentally derived data. However, as these parameters were originally developed 
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for monosubstituted cyclohexane systems and do not take into account 
electronegativity and rigidity differences in the current case, some discrepancy must 
be expected. 
OMe 






Ac O 	OAc 
Figure 29 
Protons Oobs a 
j1b 
Jobs 
1,2 -93.38 1.5 0 
2,3 -5.55 8.0 5.9 
3,4 -19.21 7.3 3.7 
4,5 -175.82 10.2 6.5 
5,6a -10.40 7.8 10.5 
5,6b 112.41 3.0 8.5 
8,9 -177.33 10.2 9.9 
9,10 177.13 10.2 8.8 
10,11 175.57 10.2 9.5 
11,12a -176.72 10.2 9.9 
11,12b -58.05 3.0 5.6 
H-C-C-H Torsion Angle () from X-ray data 
JCalc = 7.76Cos28 - 1.1CosB + 1.4 
Table 12: Calculated and observed coupling constants for major cycloadduct (111). 
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The availability of the crystal structure data allows the conformations of the 
isoxazoline, furanoside, dioxolane and pyranoid ring systems in the molecule to be 
defined with the aid of Cremer and Pople puckering parameters. 16 ' For five-
membered ring systems these parameters are the total puckering amplitude (Q) and 
the phase angle (4)), where  4) = 00, 36°, 72°, etc correspond to envelope (E) 
conformations and 4) = 18°, 54°, 90°, etc correspond to twist (1) conformations. For 
six-membered rings the parameters are expressed as a spherical polar set (Q, 0,  ); 0 
= 00 or 1800  for an ideal chair, whereas for a boat 0 = 90° and 4) = 00, and for a twist- 
boat 0=4)= 90° . 
The Cremer and Pople puckering parameters for the four rings are 
given in Table 13. For the five-membered isoxa.zoline ring 4) = 326.9° corresponding 
to a mainly envelope conformation E5  (4) = 324°) with the fold between 0(5) and 
C(6); the torsion angle for the 0(5)-N(5)-C(7)-C(6) unit is 0.77 0 and C(5) lies 0.19 A 
out of the best plane through these atoms. For the furanoside 4) = 6.6° indicating that 
it is intermediate between envelope (Eo , 4) = 0°) and twist (4) = 324°). Likewise the 
conformation of the dioxolane (4) = 23.3°) is also between twist (4) = 18°) and 
envelope (4) = 36'). The 0 value for the pyranoid ring (0 = 3.4 0) indicates that it is 
very close to the ideal chair (4C,, 8 = 0°) 
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Ring* Q (A) 00 (°) 
Isoxa.zoline 0(5)-N(7).C(7)-C(6)-C(5) 0.116 326.9 
Furanoside 0(4)-C(1)-C(2)-C(3)C(4) 0.321 6.6 
Dioxolane O(2)-C(2 1)-O(3)-C(3)-C(2) 0.321 23.3 
Pyranoid O(8)-C(8)-C(9)-C( 1O)-C(1 I)-C(12) 0.625 3.4 100.1 
* 	Numbered in order of calculation"' 
Table 13: 	Cremer and Pople Puckering Parameters for Isoxazoline (111). 
2.4.5.2 	2,3,4,6Tetra-0-acety13ga1actopyranOSyl-1-flitrile Oxide (89) 
The conditions used for this cycloaddition were similar to those established 
with the model systems. A solution of nitrile oxide precursor (104; 1 equivalent) was 
added over 40 hours to alkene (93; 4 equivalents), TDI (3 equivalents) and 
triethylamine in toluene at reflux. The reaction was then cooled to 0°C and the excess 
TDI consumed by addition of 1 ,2-diaminoethane to form an insoluble polymeric urea 
which was removed by filtration. The residue was chromatographed and the 
unreacted alkene recovered to afford a crude mixture of diastereomeric isoxazolines 
in a ratio of 70:30 and a combined yield of 85%. The diastereomers were found to 
be inseparable by chromatography, however it was possible to obtain a 90% pure 
sample of major diastereomer (113) via repeated selective recrystallisations of the 
concentrated first eluted fraction. The resulting less polar isomer was subsequently 
characterised by FAB mass spectrometry and 'H and ' 3C NtvlR (Tables 14 and 15). 
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The proton spectrum for 113 contains the expected ABX spin system for the 
isoxazoline protons, with H 5  appearing at higher chemical shift than the doublet of 
doublets for H4a and Jim. The chemical shifts for the pyranose ring protons H 1 -116 
are very similar to those found for cycloadduct (116) (compare Tables 14 and 19). 
As a result of the sample being contaminated with a small amount of the minor 
diastereomer, it was not possible to attain complete coupling data. The carbon NMR 
data is also consistent with that expected for this 3,5-disubstituted isoxazoline, indeed 
there is very close agreement for the chemical shifts of the isoxazoline carbons with 






Resonance 5H Resonance 
1" 488 2' 522 
2" 457 3' 513 
3" 475 4' 547 
4" 3.96 5' 3.95 
4a 3.23 6'a,b 4.11 
4b 3.11 OMe 3.30 
5 4.77 Isopropyl CH3 1.29 
1' 4.34 Ac CH3 1.98-2.02 (4) 
Table 14: 	'H NTVIIR data for cycloadduct (113), (CDC13, 250 MHz). 
Resonance 5C  Resonance 
107.1 V-3 5 74 2, 74 3, 74.7 
 84.8 4', 5' 65.0, 67.2 
 79.4 6' 61.3 
4" 79.1 C(CH3)2 112.6 
3 156.0 C(CH3)2 24.3,25.6 
4 35.8 Ac C0 169.8, 170.0(x2), 
170.3 
5 77.9 Ac CH3 20.5(x4) 
OCH3 54.6 
Table 15: 	' 3 C NIVIIR data for major adduct (113). 
Isoxazoline 5c ppm 8C ppm 
Carbon 111 113 
3 155.8 156.0 
4 35.4 35.8 
5 78.0 77.9 
Table 16: 	Comparison of isoxazoline carbon chemial shifts 
for major adducts (I 11) and (113). 
The stereochemistry at the newly created chiral centre (C-5) was assigned by 
correlation of proton NMR data. The chemical shifts of 3.23, 3.11 and 4.77 ppm for 
H4a, H4b and H5 respectively are very similar to the values of 3.12, 3.10 and 4.48 
found for major diastereomer (111) which was previously found to have R 
configuration at C-S by X-ray crystallography. In the case of the diastereomeric 
products (116 and 117) of the cycloaddition of the same nitrile oxide to the xylo 
alkene there is a marked difference in the frequency of isoxazoline proton resonances. 
For the major diastereomer (116) Ha, H4b and H5 occur at 3.19, 3.24 and 4.89 ppm 
whilst for the minor diastereomer (117) resonances are found at 2.61, 3.01 and 4.46 
ppm respectively. This correlation of isoxazoline proton peaks with compounds with 
known C-5 stereochemistry provides good evidence that the newly created chiral 
centre in compound (113) has R configuration and consequently the substituents on 
the C-4"-C-5 bond are in an erythro arrangement. Finding a predominance of the 
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erythro adduct was expected as previous work within the group on cycloadditions of 
non-sugar nitrile oxides such as ben.zonitrile oxide and ethoxycarbonylformonitrile 
oxide to the lyxo alkene (93) have shown a similar preference for erythro products, 
with both reactions having a d.e. of 64%. 162 
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2.4.6 	Cycloadditions to 3-0-Benzyl-5,6-dideoxy-1,2-0- isopropylidene- 
a-D-xylo-hex-5-enofuranose (84) 
As with cycloaddition reactions to the lyxo alkene (93), conditions used for 
these reactions were similar to those established with the model alkenes. Again, the 
excess alkene was removed chromatographically, before diastereomeric ratios were 
determined by comparison of integrals of suitably separated proton signals in the 
spectrum of the crude cycloadduct mixture. All cycloaddition products were 
characterised by 'H and ' 3C NIvIR spectroscopy and FAB mass spectrometry; 
chemical formulae were verified by high resolution FAB mass spectrometry and/or 
elemental analysis. 
2.4.6.1 	2,3,4-Tri-O-acetyl-3-xylopyranosyI-1-flitri1e Oxide (79) 
This cycloaddition was carried out by the slow addition of a solution of nitrile 
oxide precursor (100; 1 equivalent) in toluene into a solution of alkene (84; 4 
equivalents), TDI (3 equivalents) and triethylamine (0.5 equivalents) which was held 
at reflux over a period of 48 hrs. As before, the reaction was then cooled to 0°C and 
the excess TDI consumed by addition of 1,2-diaminoethane to form an insoluble 
polymeric urea which was removed by filtration. 
The excess alkene was recovered using dry flash column chromatagraphy to 
afford a crude mixture containing a pair of diastereomeric isoxazolines (114 and 115) 
in a combined yield of 88% (Scheme 38). Again, the diastereomer ratio was revealed 
from examination of anomeric proton (H 1 ') integrals in the 'H N1VIIR spectrum of the 
mixture to be 79:21. The diastereomers were separated via dry flash column 
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chromatography and the major diastereomer (114) was thus isolated in 55% yield as a 














Resonance oc Resonance 
1 1 -4' 68.8, 69.0, 72.7, 74.3 Ph C quat. 137.3 
5' 66.6 Ph CH2 72.3 
3 156.0 C(CH3)2 111.8 
4 35.8 C(CH3)2 26.1, 26.7 
5 77.5 Ac CH3  20.5(3) 
1" 105.1 Ac C0 169.7(x2), 169.9 
2 11 -4" 80.0, 81.3, 82.5 
Table 17: 	13C NMR data for major diastereomer (114). 
100 
Resonance 5H Coupling JIHz 
 424 1',2' 99 
 500 2',3' 95 
 527 3 7 ,4' 95 
 5. 00 4',5'a 5. 7 
5'a 4.13 4',5 7 b 10.7 
5'b 3.35 5'a,5'b 11.2 
4a,4b 3.15 4a,4b 0 
5 4.86 4a,5 9.0 
 588 4b,5 90 
 456 1",2" 30 
 400 2 7 ',3" 0 
 4.16 3",4" 3.3 
PhCH2 4.58, 4.64 4",5 7.2 
Ph 7.26-7.37 PhCH2 11.8 
Ac CH3 2.00, 2.01, 2.02 
C(CH3)2 1.28, 1.45 
Table 18 : 	'H NIVIIR data for major diastereomer (114). 
The carbon NMR spectrum shows characteristic peaks for the isoxazoline 
ring; C-3, C-4 and C-S being at 156.0, 35.8 and 77.5 ppm which are very similar to 
the respective values of 155.8, 35.4 and 78.0 ppm found for the analogous adduct 
(111) formed by cycloaddition of the same nitrile oxide to the lyxo alkene (93). The 
'H NMR data also shows a marked similarity to that for isoxazoline (111). The 
chemical shifts for the pyranose ring protons H,-1-1 5 and isoxazoline proton H 5 are 
101 
almost identical, whilst the resonance for isoxazoline protons H4a and H4b is only 
shifted 0.04 ppm to higher chemical shift with respect to that found for compound 
(111) (compare Table 10 with Table 14). The coupling values for H,-H 2 , H2.-H3 
and H3 -H4 are in the range 9.5-9.9 Hz. typically found for trans diaxial protons and, 
provide good evidence that the pyranose ring adopts a similar 13- 4C i conformation as 
the precursor (100). 
Previous characterisation of major diastereomer (114) by X-ray 
crystallography showed that the compound had R configuration at the newly created 
chiral centre (C-5). 8 ' Correlation of the 'H NMR data for the isoxazoline protons in 
114 with other major diastereomers supports this assignment. The chemical shifts for 
protons H4a, H4b and H 5 are at 3.15, 3.15 and 4.86 ppm whilst for major diastereomer 
(111) resonances are found at 3.10, 3.12 and 4.86 ppm respectively. The 
corresponding peaks for the minor isomers with S configuration at C-5 are all 
displaced significantly to lower 5-value (2.6-4.5 ppm) by> 0.2 ppm. For example in 
the case of the diastereomeric pair of adducts (116 and 117) to be discussed in the 
following section, the isoxazoline resonances for major isomer (116) are found at 
3.19, 3.24 and 4.89 ppm, whilst those for the minor isomer (117) lie at 2.61, 3.01 and 
4.46 ppm. Therefore it follows that chemical shift correlation can be confidently used 
to provide stereochemical assignment of the new asymmetric centre at C-S. 
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2.4.6.2 	2,3,4,6-Tetra-0-acetyl-f3-galactopyranosyl-1-nitrile Oxide (89) 
The conditions used for this cycloaddition were also similar to those used with 
the model systems. The nitrile oxide precursor (104; 1 equivalent) in toluene was 
added slowly via a motorised syringe pump into a solution of alkene (84; 4 
equivalents), TDI (3 equivalents) and triethylamine (0.5 equivalents) in toluene which 
was held at reflux over a period of 48 hrs. The reaction was then cooled to 0°C and 
the excess TDI consumed by addition of 1,2-diaminoethane to form an insoluble 
polymeric urea which was removed by filtration. The excess alkene was recovered 
using dry flash column chromatography and a sample of the crude mixture of 
diastereomeric isoxazolines taken for isomer ratio determination. 
A pair of diastereomeric isoxazolines (116 and 117) were thus obtained in a 
ratio of 81:19 and a combined yield of 85% (Scheme 39). The diastereomers were 
then separated by further chromatography and the first eluted major diastereomer 
was isolated as a white crystalline solid in 58% yield whilst the minor adduct 
was obtained as a white solid in 7% yield. The products were fully 
characterised using FAB mass spectrometry/elemental analysis as well as 1H and 13 C 
NMR. Complete assigment of all resonances proved possible; the data are presented 













The proton NMR spectra are typical of those found for 3,5-disubstituted 
isoxazolines. Notably, in the minor isomer (117) the furanose protons H 1 and H2 
are at slightly higher frequency than those for the major isomer (116), and the 
isoxazoline protons H4a, H4b and H 5 appear at significantly higher frequency in the 
major diastereomer, for example A5H4a = +0.6ppm for 116/117. The resonances for 
the pyranose ring protons (Hp-H 5') appear at similar frequencies in both 
diastereomers. The coupling constants around the pyranose ring provide good 
evidence for J3- 4C 1  being the lowest energy conformation. The isoxazoline protons 
appear as an ABX system with H 5 being at highest chemical shift and 3J values of 
7.9-11.3 Hz. were found for H4a,bH5 . The geminal couplings H4aH4b of 16.6 and 
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17.6 Hz. for the major (116) and minor (117) diastereomers respectively are also 
typical of 3,5-disubstituted isoxazolines. In the carbon spectrum C-5 resonates at 
lower frequency for the major isomer (A c..5 = -2.0 ppm for 116/117), whereas the 
order is reversed for C-3 and C-4 (Mc..3 = + 1. 6, ic = +1.0 ppm for 116/117). 
Furthermore, the major adduct has the more negative optical rotation (116 -75.8 1 ; 
117 -25.1°) and has the greater Rf value for tic on silica. 
Correlation of proton NMR data with analogous structures was used to assign 
the stereochemistry at the new chiral centre at C-5. The chemical shift values for the 
isoxazoline protons are notably different for the SR and 5S diastereomers; for major 
diastereomer (116) 114a, H4b and H 5 are at 3.19, 3.24 and 4.89 ppm whilst for the 
minor diastereomer (117) these resonances are found at 2.61, 3.01 and 4.46 ppm 
respectively. The peaks found for the 116 are much closer to the values of 3.10, 3.12 
and 4.86 ppm found for the same protons in isoxa.zoline (111), for which the structure 
had been unambiguosly assigned by X-ray crystallography. From this correlation of 
1H NIMR chemical shifts, major diastereomer (116) may be assigned R configuration 
at the new chiral centre (C-5); therefore the substituents on the C-4"-C-5 bond will 
be in an erythro arrangement. 
Finding a predominance of the erythro diastereomer (116, 5R) would be 
expected from previous results within the group. 162  In cycloadditions of benzonitrile 
oxide and ethoxycarbonylformonitrile oxide to the xylo alkene (84), erythro:threo 
ratios of 86:14 and 94:6 respectively were observed. This pronounced ic-facial 
selectivity of sugar and non-sugar nitrile oxides to 5,6-dideoxy-5-enofuranoses such 
I 11M 
as 84 can be rationalised in terms of the "inside alkoxy effect" as discussed in Section 
2.5. 
Resonance öc 116 öc 117 
1" 105.0 105.6 
2 17 -4" 80.1, 81.2, 82.5 79.4, 81.7, 81.8 
3 156.1 154.5 
4 36.0 35.0 
5 77.4 79.4 
1 7 -3' 71.1, 73.9, 74.2 70.8, 74.1, 74.3 
4 7 ,5' 66.0, 67.1 65.9, 67.2 
6' 61.4 61.4 
CH2Ph 72.3 71.4 
Ph 127.5, 127.7, 128.3 127.6, 127.9, 128.4 
Ph quat. 137.2 137.0 
C(CH3)2 111.8 111.9 
C(CH3)2 26.1, 26.6 26.4, 26.6 
Ac C0 169.8, 169.9 (x 2), 170.2 154.5, 169.7, 169.9, 170.2 
Ac CH3 20.5 (x4) 20.4 (x2), 20.5 (x2) 
Table 19: 	' 3C NMR data for major (116) and minor (117) diastereomers. 
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Resonance oH 116 OH 117 Coupling i/Hz 116 JIHz 117 
 5. 89 5. 98 1 7) ,2" 3.6 3.8 
 457 464 2 77 ,3" 00 00 
 402 401 3",4" 32 36 
 4.18 4.18 4",5 7.6 8.4 
4a 3.19 2.61 4a,5 9.2 7.9 
4b 3.24 3.01 4b,5 8.6 11.3 
5 4.89 4.46 4a,4b 16.6 17.6 
 432 430 1',2' 94 96 
 5. 23 5.11* 2',3' 10.0 nd 
3 5. 10 5. 08* 3',4' 3.2 nd 
 544 545* 4 7 ,5' 27 nd 
 3.95 3.94 5',6'a 6.0 6. 5 
6'a 4 • 09* 4 . 08* 5',6'b 6.5 6.2 
6'b 4 . 06* 4 . 08* 6'a,6'b nd nd 
CH2Ph 4.62, 4.66 4.40, 4.70 CH2Ph 11.9 12.0 
Ph 7.25-7.35 7.25-7.40 
Ac CH3 1.97, 2.01 1.95, 1.99, 
(x2), 2.13 2.03, 2.14 
C(CH3)2 1.28, 1.45 1.31, 1.50 
* - unresolved multiplet 
nd - not determined 
Table 20: 	'H NMIR data for major (116) and minor (117) diastereomers. 
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2.5 	Stereoselectivity of Nitrile Oxide Cycloaddition Reactions 
2.5.1 	General 
As the nitrile oxide/isoxazoline route becomes more important in the synthesis 
of natural products and analogues, so does the understanding and control of regio-
and stereoselectivity in these carbon-carbon bond forming reactions. 161  Indeed, 
attainment of pronounced levels of it-selectivity further enhances the NOC 
methodology as a route to polyfunctionalised compounds. It is this objective of 
asymmetric induction that has driven recent work on H-bond, ' 64 chiral auxiliary 16' and 
Lewis Acid 166  directed nitrite oxide cycloaddition reactions. 
In the cycloadditions to the xylo (84) and lyxo (93) alkenes a significant 
degree of it-facial selectivity was observed in favour of erythro products. This 
observation may be explained in terms of the 'inside alkoxy effect' a rationale 
proposed by Houk 167  to account for nitrile oxide cycloadditions to chiral allyl ethers. 
The reaction with mono-substituted alkenes is either regio-specific or highly 
regioselective (>90:10) in favour of 5-substituted 2-isoxazolines.' However, in the 
case of additions to alkenes bearing an allylic stereocentre it-facial discrimination can 
be more variable." 68 The ratio of products has been found to be dependent on the 
steric and electronic nature of both allylic and homoallylic substituents. Scheme 40 
illustrates nitrile oxide addition to a chiral aflyl ether (R' # H) to give erythro and 
threo adducts. The predominance of the erythro adduct i.e. resulting from anti 
addition may be attributed to Houk's 'Inside alkoxy effect" Varying the nature of the 
alkoxy substituent has a negligible effect on selectivity except in the case of allyl 
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alcohols (R' = H) were a preference for the threo product may sometimes be 
observed. Increasing the bulkiness of the R group results in an enhancement of 
erythro product formation. 
R1CN—O 	 RI  
+ 	 '—KR + 
OR' 
OR' 
Erythro 	 Threo 
Scheme 40 
As stated above, the inside alkoxy effect may be used to account for it-facial 
selectivity. In the case of nitrile oxide cycloaddition to a chiral allyl ether there are six 
possible staggered transition state structures as shown in Figure 30. Houk has utilised 
a combination of ab initlo and MIM2 calculations to place the six states in order of 
ascending energy: A<A'<B<B'<C<C'. Transition states A, B and C result in adducts 
with erythro stereochemistry whilst threo adducts are formed from transition states 
A', B' and C'. 
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I 	 I 	 ' 
t=;:~~H 	==L~OH 	~~H OR' 
A 	 B 	 C 
\ H 	OR' 	 'R'O 	R 	 \ R 	H 
R 	 H 	 OR' 
A' 	 B' 	 C' 
Figure 30 
The preferred lowest energy transition state based on a Felkin 169-Anh' 7° model 
(Figure 31) has the largest substituent (R) anti, the smallest (H) outside and the 
alkoxy group (OR') in the inside position. In this instance the major isomer, 
produced via the lowest energy transition state (A), in which the R group occupies 
the anti position, the H is outside and the OR' group is in the inside position, would 
indeed have erythro stereochemistry. Increasing the size of the R group causes an 
increase in the CCCR dihedral angle () and hence brings about an increase in it- 
facial selectivity. Transition state A is stabilised relative to A' because the 
unfavourable lone pair interactions between the allylic and nitrile oxide oxygens are 
reduced as a result of the two oxygens being forced further apart. 
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\=; 
a: anti; i: inside; o outside 
Figure 31 
Houk uses secondary orbital interactions to explain why the inside position is 
favoured over the anti position for the alkoxy group. 
167  The outside position is even 
less favoured as a result of oxygen lone pair interactions between nitrile oxide and 
allylic alkoxide. Due to the electrophilic nature of the nitrile oxide cycloaddition 
reaction, any maximisation of electron donation or minimisation of electron 
withdrawal in the dipolarophile for any transition state is preferred. With the alkoxy 
group in the inside position, there is poor cco and it-orbital overlap resulting in 
minimised electron withdrawal; conversely with the alkoxy group anti, overlap is 
maximised and hence the associated transition state is destabilised. 
Another model to account for the observed selectivity in these reactions was 
proposed by Kozikowski' 7 ' and, in this case the major adduct was deemed to result 
from addition of the nitrile oxide anti to the alkoxy group (equivalent to transition 
state B in Figure 30). They justified this anti-periplanar addition on the grounds of 
minimisation of secondary orbital interactions. However, this does not take into 
account adverse electronic effects which are accounted for in Houk's argument noted 
above. 
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Recent theoretical work reported by Houk"' and co-workers reinforces the 
importance of electrostatic interactions between the nitrile oxide oxygen and allylic 
oxygen in directing the stereochemical outcome of the reaction. They also postulated 
that altering the charge distribution on the dipole could provide a further refinement in 
the stereocontrol of these cycloaddition reactions. 
De Micheli et al have reported a series of cycloadditions of formonitrile oxide 
(HCNO) to various 3-substituted analogues (118) of the xylo alkene 173  In 
all cases products with erythro stereochemistry were found to predominate, the 
highest erythro:threo ratio being observed when an alkoxy substituent (X = OR) 
occupied the 3-position. Indeed, in this instance the selectivity was much higher than 
the value predicted using Houk's model. In contrast, the value found for X = H was 
much closer to the calculated value. Selected results from De Micheli's work are 




X Experimental 	 Calculated 
118 
X=H 73.5:26.5 65:35 
X=OMe 96.5:3.5 67:37 
Table 21 : 	Calculated and observed stereoselectivty for cycloaddition of 
H-CN-O to alkene (118). 
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The same group conclude that the lone pair on the homoallylic oxygen (3-OR) 
also plays an important part in altering the relative energies of Houk's transition 
states. They postulate that in transition states A and A' the homoallylic lone pair is 
oriented in such a way that it can exert a destabilising through space interaction on the 
double bond (Figure 32). However, in transition state B (placed 3d  lowest in energy 
by Houk) this interaction is minimised, therefore increasing the importance of B which 
effects an increase in erythro selectivity. 
I 	 ' 	1 14 
" 'O- 	 \H 	CHOR' 
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Figure 32 
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2.5.2 	Rationalisation of Stereoselectivity for Nitrite Oxide 
Cycloaddition Reactions to Sugar Alkenes (84) and (93) 
The it-facial selectivities for cycloaddition reactions of mtrile oxides (79 and 
89) to lyxo alkene (93) and xylo alkene (84) and are summarised in Table 22. It is 
apparent that the alkenes, which are epimeric at the C-2 position, undergo 
cycloaddition reactions to these chiral nitrile oxides with similar selectivities. Also, in 
each case, the major diastereomer was found to have R stereochemistry at the newly 
formed chiral centre which implies an erythro relationship with the adjacent pre-
existing asymmetric centre. These results are in accordance with both the 'inside 
alkoxy effect" and its homoallylic modification (Section 2.5.1). 
Nitrile Oxide Alkene Diastereoselectivity 
erythro:threo 
Combined Yield 
D-Xylose lyxo 82:18 67% 
(79) (93) 
D-Galactose lyxo 70:30 85% 
(89) (93) 
D-Xylose xylo 79:21 88% 
(79) (84) 
D-Galactose xylo 81:19 85% 
(89) (84)  
Table 22: 	Comparison of diastereoselectivity and combined yield for 
cycloadditions of nitnie oxides (79) and (89) to alkenes (84) and (93). 
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The results illustrate that inversion of configuration at the C-2 position in 
these 5,6-dideoxyhex-5-enofuranose alkenes does not exert any significant effect on 
the it-facial selectivity of cycloaddition reactions with nitrile oxides. This can be 
attributed to the asymmetric centre at C-2 being located too far away from the newly 
forming stereocentre to have any significant influence, as illustrated in Figure 33. This 
contrasts with results reported by Paton et al on cycloaddition reactions to the C-3 
epimer of the xylo alkene (ribo). For example, on carrying out cycloadditions of 
ethoxycarbonylformonitrile oxide and benzonitrile oxide to the ribo alkene isoxazoline 
products with erythro:threo ratios of 51:49 and 42:58 were observed. 
162  These results 
reinforce the important role that the homoallylic substituent plays in directing the 







2.6 	2-Isoxazoline Cleavage to f3-ILydroxy Ketones and y-Amino Alcohols 
It has been shown in Section 2.4 that nitrile oxide cycloaddition reactions can 
be used to produce an isoxazoline unit with either two sugar substituents or one sugar 
and one non-sugar substituent. The next stage in the route to C-glycosides containing 
a functionalised linkage is to release the latent functionality contained within the 
isoxazoline heterocycle. C-glycosides with linkages containing amino functionality 
were regarded as being highly desirable targets in view of their potential as 
glycosidase inhibitors (Section 1.3.4). Indeed, isoxazoline (106) was chosen as it 
would not only serve as a model compound but also provide access to compounds 
analogous to the potent amino-sugar glycosidase inhibitors (30 and 31) reported by 
Schmidt 60 as discussed in Section 2.7. 
NH3 CF3COO 
HO 
HO 	 ph 
OH 
30  
HO__0\ r3 CF3COO 
OH 
31 
Using the nitrile oxide/isoxazoline route, there are two distinct approaches to 
the y-amino alcohol targets. Scheme 41 shows both the direct route from the 3,5-
disubstituted isoxazoline to the y-amino alcohol via reductive cleavage and, secondly 
how hydrolytic cleavage allows access to the 0-hydroxy ketone moiety which may be 
subsequently be converted into the y-amino alcohol using a functional group 






Sugar , R 	e.g. Reductive Amination 
	Sugar 1,.-R 
0 OH 
	 NH2 OH 
Scheme 41 
2.6.1 	Reductive Cleavage of 2-Isoxazolines 
The direct route from isoxazolines to y-amino alcohols was the first attempted. 
Reductive cleavage can be achieved using two routes; firstly by hydrogenation under 
anhydrous conditions (i.e. via the imine), and secondly by treatment with lithium 
aluminium hydride (LAB). A pilot scale hydrogenation in the absence of water was 
attempted, but only starting material was recovered. Next the route using lithium 
aluminium hydride was chosen, and as acetyl groups are labile under the reaction 
conditions, it was decided to remove them prior to the ring cleavage stage. 
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2.6.1.1 	Deacetyiation of 5-(Spirocyclohexyl)_3-(2,3,4-tri-O-acetyl-13-D- 
xylopyranosyl-2-isoxazoline (106) 
Two protocols were employed for the deacetylation of the 2-isoxa.zoline 
products; firstly a modified version of the cyanide-catalysed procedure reported by 
Hertzig et a!174 and secondly, a procedure employing sodium methoxide followed by 
treatment with an ion-exchange resin. 171 





.10 N 	 HO 





This deprotection was carried out by suspending peracetylated xylopyranosyl 
isoxazoline (106, 1 M equivalent) in dry methanol, adding a catalytic amount of 
potassium cyanide (0.5 M equivalents) and leaving to stir under nitrogen with 
monitoring by tic until the starting material had disappeared. The solvent was then 
removed in vacuo and the residue dissolved in ethyl acetate and dichloromethane 
before being washed through a silica pad in order to remove the KCN with copious 
amounts of the eluant. The solvent was removed to afford the deacetylated product 
(119) in 65% yield as shown in Scheme 42. Product (119) was characterised by FAB 
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mass spectrometry and 13C NIVIR (Table 23). The reaction yield in this case was low 
in comparison with some other reported deacetylations' 76 using cyanide ion as a result 
of the polar nature of the product and the inherent difficulties of eluting it on silica. 
Resonance 





1 71 -5" 23.1, 23.2, 27.7, 35.7, 35.8 
Table 23: 	' 3C NIMR data for deprotected isoxazoline (119) 
The generally accepted mechanism for deacetylations with potassium cyanide 
is illustrated in Scheme 43 and involves nucleophilic acetyl substitution by the cyanide 
ion, followed by rapid methanolysis of the resulting acyl cyanide to regenerate the 
nucleophile. Figure 34 shows how the first acyl displacement is believed to be rate 
limiting as the free hydroxyl thus formed activates a neighbouring acyl group to 
nuclephilic attack by cyanide in subsequent deacetylation cycles. 174 
119 
9 
~ 	 Me-3—CN 
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R—OH + Me0 
	
Me--OMe + CN 
Scheme 43 





2.6.1.3 	Sodium Methoxide Method 
The deacetylation was also carried out using a standard literature method 
which alleviates the need to use highly toxic potassium cyanide as well as having a 
work-up procedure more suited to polar products. The peracetylated isoxazoline was 
suspended in dry methanol, a trace amount of freshly made sodium methoxide was 
added and the reaction left to stir under nitrogen for 12 hrs. Amberlite IR-120 (H) 
was then added and stirring continued for a further 3 hrs. in order to remove any 
counter ions from the reaction mixture. Using this technique the deacetylated product 
(119) was isolated in a yield of 95%. 
120 
The mechanism for this deacetylation reaction is similar to that found for the 
cyanide ion deprotection, again involving nucleophilic acyl substitution as shown in 
Scheme 44. The rate limiting step will again be the removal of the first acyl group as 
the resulting hydroxyl has a polarising effect on a neighbouring acetyl carbonyl, thus 
activating it to nucleophilic attack by the methoxide ion (Figure 30). It is likely that 
the reaction yield is higher than for the potassium cyanide method as a result of the 
work-up being carried out in methanol which is better suited to polar products such as 
isoxazoline (119). 
(:~ 00; 




2.6.1.4 	Reductive Cleavage of 5-(Spirocyclohexyl)-3-f-D- 
xylopyranosyl-2-isoxazoline (119) 
On attempting a pilot scale lithium aluminium hydride (LAM) reductive 
cleavage of the deacetylated isoxazoline (119), it was found that it was not possible to 
follow reaction progress by tic due to the highly polar nature of the starting material 
and the expected products. It was decided at this stage to introduce new protecting 
groups that would be non-labile under the reductive cleavage conditions as well as 
imparting greater solubility in organic solvents to the amino-containing products. A 
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survey of protecting groups indicated that masking the hydroxyl functions as silyl 
ethers would be likely to prove most effective. Trimethylsilyl (TMS) was chosen after 
carrying out small scale protections of the free hydroxyl groups in 119 as both TMS 
and the less easily hydrolysed tert-butyldimethylsilyl (TBDMS) ethers. Trimethylsilyl 
ether protection was felt to be more suitable as it was found that TMS ether formation 
could be carried out using mild conditions, whereas complete TBDMS ether 
protection required forcing conditions (-60°C) less suited to fragile polyhydroxylated 
carbohydrate systems. 
2.6.1.5 	Trimethylsilylation of 5-(Spirocyclohexyl)-3-f3-D- xylopyranosyl-2- 
isoxazoline (119) 
This silyl ether protection was carried out by adding chiorotrimethylsilane (3.6 
M. equivalents) and triethylamine (10 M. equivalents) to a stirred solution of the 
deacetylated isoxazoline (119, 1 M. equivalent). The reaction was left to stir at room 
temperature under a nitrogen atmosphere and was monitored by tic. On completion, 
the excess reagents were removed by evaporation and the residue was dissolved in 
chloroform. The organic layer was washed with water and dried over MgSO 4 before 
the solvent was removed to afford the product which was isolated by chromatography 
as a white semi-crystalline solid (120) in 60% yield. The moderate isolated yield was 
attributed to loss of product during purification on the silica chromatography column. 
The experiment was therefore repeated using silica prewashed with a 1% solution of 
triethylamine in ether. The reaction yield was thus improved to >90% using this base-
washed column procedure, indicating that the previously slightly acidic silica had been 
122 
responsible for the partial hydrolytic removal of the TMS ethers. The product was 









1 11 -5" 22.5, 22.9, 24.9, 36.1 (x2) 
(CH3)3 Si 0.1 - 1 . 13* 
* 	poorly resolved 
Table 24: 	' 3C NTvIR data for TMS protected isoxazoline (120). 
The carbon NMR data is similar to that found for the peracetylated analogue 
106 (compare Tables 4 and 24). In this case the pyranose ring carbon resonances 
(C-1'-C-5') occur over a narrower range (Aöc = 2.5 ppm) compared to those for 
isoxa.zoline 106 (Mc = 8.3 ppm). The resonances for isoxazoline carbons C-3 and 
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C-4 are at slightly higher frequency than that found for analogue 106 (A5c3 = 	= 
1.6 ppm) whilst, the resonance for C-5 appears at lower chemical shift 
(L8c.5 = -0.8 ppm). 
2.6.1.6 	LAH Ring-Opening of 5-(spirocyclohexyl)-(2,3,4-tri-0- 
trimethy1si1yJ)-3-(3-D-xyIopyranosyI)-2-isoxazoIine (120) 
This reaction was carried out by adding a solution of isoxazoline (120, 1 M. 
equivalent) in THF to an ice-chilled stirred solution of LiAIH 4 (2 M. equivalents) 
under anhydrous conditions. The mixture was left to stir under nitrogen whilst 
warming to room temperature and the progress of the reaction was monitored by tic 
examination of hydrolysed aliquots against starting material. After 14 hrs., tic 
confirmed that the starting material had been consumed and that a more polar material 
which stained with ninhydrin was present. Water was then added to the reaction 
mixture, followed by excess base (aqueous NaHCO 3) in order to decomplex the 
product from the metal. The product was then extracted under nitrogen using 
degassed chloroform and, the combined organic extracts were dried under nitrogen 
over Na2SO4. The solvent removed in vacuo to afford the products as a colourless oil 
in 40% yield. The products stained with ninhydrin and the FAB mass spectrometry 
data (mlz (FAB) found (M+1) 490.28619, C 22H48NO5 Si3 requires 490.28403) was 
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It is thought that this reductive cleavage proceeds via an intermediate complex 
which involves an interaction between the isoxazoline oxygen lone pair with the 
lithium ion, whilst the A11 ­1 species is bonded to the carbon-nitrogen bond, as 









2.6.2 	Reductive Hydrolytic Cleavage of 2-Isoxazolines 
Following the first reductive hydrolytic cleavage of a 2-isoxazoline to a 13-
hydroxy ketone 177  by Torssell and co-workers in 1978, a number of methods have 
been reported. The most widely used method is catalytic hydrogenolysis employing 
supported metal catalysts such as palladium-on-charcoal (Pd/C) or Raney-Nickel (Ra-
Ni). It is believed in both of these cases that the weak interheteroatom bond of the 2-
isoxazoline (i.e. N-O) is cleaved faster than the stronger carbon-heteroatom multiple 
bond to give a 13-hydroxy imine intermediate, which may undergo further 
hydrogenation to the 7-amino alcohol or undergo hydrolysis to the 3-hydroxy ketone 
(Scheme 45). 
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Under the normal conditions of mild acidity the 3-hydroxy imine intermediate 
is not detected as it usually undergoes hydrolysis; however some stable examples have 
been isolated, for example 123178  and 124.179  In both instances these compounds are 
converted to their respective 13-hydroxy ketones upon hydrolysis, thus providing 
support for the suggested mechanism involving the 13-hydroxy imine intermediate. 
126 
NH OH 








Epimerisation at the carbon atom adjacent to the carbonyl group has been 
reported to occur with some isoxazoline hydrogenolysis reactions, leading to a 
mixture of diastereomers. A mechanism for this process has been proposed by 
Curran 180  involving tautomerisation of the 3-hydroxy imine intermediate as shown in 
Scheme 46. 
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This type of hydrogenation is usually carried out in an aqueous methanol 
medium in the presence of an acid. The acid plays three roles: firstly to facilitate 
imine hydrolysis by protonation of the imine nitrogen, secondly to neutralise any 
ammonia formed during the hydrolysis and thirdly, in reactions with Ra-Ni, to 
neutralise any hydroxide formed on the catalyst. Hydrogenation reactions have been 
reported using a variety of acidic additives, for example acetic acid,  18 ' hydrochloric 
acid, AlC13 , 182  BC13 , 1
83 buffer solutions and trimethyl borate.' 84 However, boric acid 
has proved to be the most commonly used acidic additive in recent years on account 
of its particular effectiveness in minimising epimerisation. It has been postulated 180 
that this efficacy is due to hydrolysis of the 13-hydroxy imine occurring after the 
formation of a cyclic borate ester as shown in Figure 36. 
ROS>.OR 
5+ H-" 0 
'J~ 
Figure 36 
Other approaches reported include ozononolysis' 82 and Baraldi and co-
workers use of molybdenum hexacarbonyl in their transformation of a 2-isoxazoline to 
the respective f3-hydroxy ketone.  181  Scheme 47 illustrates their proposed mechanism 
which involves complexation of the molybdenum to the isoxazoline, followed by N-O 
bond cleavage to give a nitrene-like complex which is converted to a 3-hydroxy imine 
through protonation-reduction. The intermediate is subsequently hydrolised to the 13-
hydroxy ketone. 
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Scheme 47 
2.6.2.1 	Reductive Hydrolytic Cleavage of Isoxazoline (119) 
Previous work within the group on Pd/C and Ra-Ni catalysed hydrogenolysis 
of 2-isoxazolines has shown the need to remove the acetyl protection, 176  and a test 
experiment was therefore carried out to establish if this was also the case with model 
isoxazoline (106). On attempted ring cleavage, a mixture of products were apparent 
by tic, presumably as a result of partial deacetylation occurring. Consequently, it was 
decided to remove the acetyl protection before proceeding to investigate the ring-
opening reactions. Deacetylation of compound 106 was carried out using the sodium 
methoxide procedure, as reported previously in Section 2.6.1.3, the deacetylated 
isoxazoline 119 being isolated in a yield of 95%. 
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2.6.2.1.1 	 Palladium-on-Charcoal Catalysed Hydrogenolysis of 2- 
Isoxazoline (119) 
The deacetylated isoxazoline (119, 1 M. equivalent) was stirred with Pd/C 
(10%, 1mg per mmol isoxazoline) and boric acid (6 M. equivalents) at room 
temperature in a methanol/water mixture (5:1). The solution was degassed using a 
water pump and flushed with hydrogen five times. The reaction was left to stir 
vigourously under a hydrogen atmosphere (112 filled balloon), and tic was used to 
monitor the disappearance of starting material. After 72 hours the starting material 
had been consumed and the Pd/C was then removed by filtration through celite. The 
subsequent concentration of the filtrate was performed at room temperature because 
of the known tendency of 3-hydroxyketones to dehydrate to form a-enones. The 
excess boric acid was then removed by repeated addition and evaporation of methanol 
as this forms the volatile trimethyl borate ester. The product mixture was then 
separated by preparative tic, the first eluted band being identified by tic and FAB mass 
spectrometry as starting material (119, 21%). The next eluted band was isolated in 
55% yield; it stained with Brady's reagent and was identified as 3-hydroxyketone 
(125, 55%) by FAB mass spectrometry, IR spectroscopy and ' 3C NMR. The IR 
spectrum of 125 showed characteristic absorptions for the hydroxyl and carbonyl 
groups at Um  values of 3490 and 1724 cm-1 respectively. The most polar band was 
found to stain with ninhydrin and was probably a mixture of 7-amino alcohols. 
The carbon spectrum for 3-hydroxyketone 125 contains similar features to 
that of isoxazoline 119 with pyranose C-5' being found at lower chemical shift than 
C-1'-C-4' (compare Tables 23 and 25). The C=N of the isoxazoline at 156.9 ppm is 
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replaced by a carbonyl resonance at 208.1 ppm; which is at a 6-value expected for a 
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1 7 -5" 16.5, 21.1, 24.7, 36.4, 36.7 
Table 25: 	' 3C NMIR data for carbonyl compound (125) 
131 
2.7 	Conclusions and Future Work 
In this thesis it has been shown that nitrile oxide/isoxazoline chemistry may 
indeed be used as a powerful tool in the synthesis of C-glycosides with functionalised 
bridges. The key constituents are pyranose 1-nitrile oxides which can be generated by 
the Mukaiyama dehydration of suitably protected 2,6-anhydro- 1 -deoxy- 1 -nitroalditols 
derived from addition of nitromethane to the corresponding aldose. Subsequent 
cycloaddition reactions with alkenes affords 2-isoxazolines from which a variety of 
derivatives are accessible by cleavage of the heterocyclic ring. 
Model cycloadditions were carried out using the xylopyranosyl and 
mannopyranosyl nitrile oxides with methylenecyclohexane and styrene. Under 
standard conditions the mannose compound was found to be less reactive; however it 
was possible to obtain adducts in good yield with styrene using a modified procedure. 
The isoxazoline product of cycloaddition of xylopyranosyl nitrile oxide to 
methylenecyclohexane was chosen as a model compound for the study of ring opening 
reactions. By developing a variety of ring cleavage techniques it was possible to 
obtain both 3-hydroxy ketones and y-amino alcohols in acceptable yields. Not only 
does this work provide products of interest in their own right, but it also leads to 
future opportunities in the synthesis of C-glycosides with functionalised linkages. 
Figure 37 illustrates examples of amino C-glycosides that should be accessible using 
the nitrile oxide cycloaddition route. These compounds bear a close resemblence to 
the glycosidase inhibitors (30) and (31), synthesised by Schmidt et al,60 and they 















A possible retrosynthetic route to these amino-methylene linked compounds is 
shown in Scheme 48. It involves reductive hydrolytic cleavage of the 2-isoxazoline 
followed by elimination of water from the resulting 3-hydroxyketone to give the a,0-  
unsaturated carbonyl compound (a-enone), which could subsequently be 
hydrogenated and subjected to reductive amination. 
C)-~R 
Scheme 48 
Cycloaddition of pyranose 1-nitrile oxides to hex-5-enofuranosides derived 
from D-mannose and D-glucose proceeded regiospecifically and in good yield (67- 
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88%) with a high degree of it-facial selectivity (40-64% d.e.) in favour of 2-
isoxazoline adducts with R configuration at the newly created chiral centre (C-5). In 
view of the similar diastereoselectivity observed for cycloadditions to these C-2 
epimeric alkenes it is concluded that inversion of configuration at this position remote 
from the cycloaddition site has negligible effect on the stereochemical outcome of the 
reaction. 
These cycloaddition reactions to sugar derived alkenes offer the possibility to 
synthesise a C-disaccharide with a D-Man—*D-Man linkage which has not previously 
been reported. This link would be highly desirable in view of the importance of D-
mannose in glycoconjugate systems, as discussed in Section 1.3.3. This approach is 
illustrated in Scheme 49 for the cycloaddition of the mannopyranosyl nitrile oxide (90) 
to the D-mannose derived alkene (93) affording isoxa.zolines 126 and 127. The 5R 
diastereomer (126) could be subjected to hydrogenolysis using the Pd/C procedure to 
yield the 3-hydroxyketone (128). Compound 128 may be considered as a protected 
carbonyl-linked C-disaccharide and deprotection with hydrolytic cleavage of the 
furanoside ring should afford the dipyranose analogue (129). Alternatively, reduction 
of the carbonyl group in 128 would yield a pair of 1,3-diols (130, 7RS) which could 
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Elemental analyses were carried out by Mrs. L. Eades using a Perkin Elmer 
2400 elemental analyser. Infra-red spectra were recorded as films or Nujol mulls on a 
Bio-Rad FTS-7 instrument. Melting points were measured on a Gallenkamp capillary 
tube apparatus and are uncorrected. Optical rotations were measured with a Perkin 
Elmer 141 polarimeter using 1.8 cm 3 of solution. 
Fast Atom Bombardment (FAB) mass spectra and exact mass determination 
was performed by Mr. A. Taylor with a Kratos MS50TC spectrometer using either 
glycerol or thioglycerol as a matrix. 
'H and ' 3C NMIR spectra were recorded on Bruker W.P200SY, AX250 and 
W11360 instrument by Miss. H. Grant, Mr. J. Millar, Mr. W. Kerr and Dr. D. Reed. 
Two dimensional spectra were recorded on the WH360 instrument. Chemical shift 
(ö) in all cases is measured in parts per million (ppm) using tetramethylsilane (ö = 0.0) 
as the reference signal. 
The X-ray structural analysis of!!! was carried out by Dr. S. Parsons and the 
subsequent calculations of Cremer and Pople puckering parameters 161  were performed 
by Dr. R. 0. Gould. 
3.1.2 	Chromatography 
Preparative thin layer chromatography was carried out on glass plates (20 x 20 
cm) coated with Merck Kieselgel GF 254 (0.5 mm) which contains 13% CaSO 4 and a 
136 
fluorescent indicator. Analytical thin layer chromatography was carried out using 
Merck aluminium-backed plates coated with Kieselgel GF254 (0.2 mm). Dry flash 
column chromatography was carried out using a variety of sintered funnels filled with 
Kieselgel GF254 and eluted under water pump vacuum. 
3.1.3 	Solvents and Reagents 
All reagents and solvents were standard laboratory grade and were used as 
supplied unless otherwise stated. 
Dry ether and toluene were AnalaR grade dried over sodium wire. 
Dry pyridine was AnalaR grade distilled from and stored over potassium hydroxide. 
Dry THF was freshly distilled from sodium and benzophenone. 
Dry DMSO was Ana1aR grade distilled from calcium hydride under water pump 
vacuum and stored over 4A molecular sieves. 
Acetic anhydride was purified by fractional distillation and stored over 4A molecular 
sieves. 
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3.2 	Synthesis of Sugar Alkenes 
3.2.1 	3-0-BenzyJ-5,6-dideoxy-1,2-0-isopropy1idene-a-D-ylo-hex-5- 
enofuranose (84) 
The title compound was prepared in four steps from commercially available 
diacetone-D-glucose (Section 2.2.1). 
3.2.1.1 	3-0-BenzyL- 1,2:5,6-di-O-isopropylidene-a-D-glucofuranose 
The title compound was prepared using the' procedure of Iwashige and 
Saeki.' 44 Diacetone-D-glucose (94) (25.0 g, 96 mmol) in DMSO (125 cm) was 
added dropwise to a suspension of sodium hydride (80% dispersion in mineral oil, 
6.25 g) in DMSO (125 cm) under nitrogen and stirred at room temperature for 45 
mm. Benzyl chloride (32 cm) was added dropwise and the mixture stirred for a 
further 1 hr, before being poured onto an ice/water slurry (400 cm) followed by 
extraction with ether (3 x 250 cm). The combined organic fraction was concentrated 
in vacuo, diluted with hexane (200 cm3) and washed with water (4 x 150 cm). The 
organic layer was dried (MgSO4) and concentrated in vacuo to produce a yellow oil 
which was not purified but taken directly on to the next stage. 
3.2.1.2 	3-0-Benzyl-1,2-0-isopropylidene-a-D-glucofuranose (95) 
The title compound was prepared according to a literature procedure. 14' The 
crude compound from the previous reaction was stirred overnight at 40 °C in glacial 
acetic acid (100 cm3) and water (65 cm). The solution was neutralised by dropwise 
addition of a saturated solution of potassium carbonate, and the mixture extracted 
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with chloroform (3 x 100 CM)  . The combined organic extract was washed with 
sodium chloride solution (10%, 60 cm), dried (MgSO 4) and evaporated to dryness to 




The title compound was prepared using a literature procedure.' 46  
Methanesuiphonyl chloride (18.5 cm3, 0.239 mmol) was added to an ice-cooled 
solution of the crude diol (95) in pyridine (60 cm) and stirred overnight while 
warming to room temperature. Water (100 cm 3) and chloroform (100 cm3) were 
added and the aqueous layer extracted with chloroform (3 x 50 CM)  . The combined 
organic fraction was washed with sulphuric acid (1M, 100 cm), then saturated 
sodium hydrogen carbonate solution (100 cm) before being dried (MgSO 4) and 
concentrated in vacuo to afford an off-white solid. The crude product was 
recrystallised from ethanol to yield a white solid (96) (26.4 g, 59% from diacetone-D-
glucose); mp 123.5-125°C (lit. 146 124-125 0C); mlz (FAB) Found: M+H 467.10530 
(C 18H27S 20 1 0 requires M+H, 467.10455). 
3.2.1.4 	3-0-Benzyl-5,6-dideoxy-1,2-0-isopropylidene-a-D-.xylo-hex-5- 
enofuranose (84) 
The alkene was prepared by reduction 147,148  of the dimesylate (96). 
Zinc/copper couple (freshly prepared 186  from 3.52 g of powdered zinc) was added to 
a stirred solution of the dimesyl compound (96) (5 g, 10.7 mmol), dried sodium iodide 
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(8 g, 5.3 mmol), DMF (32 cm 3) and dimethoxyethane (9 cm) and heated at reflux for 
70 mm. The cooled solution was poured into water (200 cm) with rapid stirring, 
then toluene (85 cm3) added and the mixture filtered through Celite. The aqueous 
layer was extracted with toluene (2 x 85 cm) and the combined organic fractions 
were washed with water (2 x 50 cm) and brine (50 cm) before being dried (MgSO 4). 
The solvent was removed in vacuo to afford the crude product which was 
subsequently purified by dry flash column chromatography (silica gel, hexane/ether 0-
30%) to yield a colourless oil (96) (2.66 g, 90%); oH (250 MHz, CDC1 3) see Table 26; 
Oc (63 MHz, CDC13) see Table 27; m/z (FAB) Found M+H 277.14300 (C 16H2104 
requires M+H, 277.14398). 






Resonance oH Coupling JIHz 
1 5.97 1,2 3.8 
2 4.63 2,3 <1 
3 3.89 3,4 3.1 
4 4.64 4,5 7.1 
5 6.03 5,6a 10.4 
6a 5.32 5,6b 17.3 
6b 5.44 6a,6b 1.6 
PhCH2 4.54, 4.65 PhCH2 12.2 
Ph 7.31-7.35 
CH3 1.32, 1.51 
Table 26: 	111 NMR data for alkene (84), (250 MHz, CDC13). 
Resonance oc 
1 104.6 
2-4 81.3, 82.6, 83.1 
5 132.1 
6 118.9 
CH3 26.0, 26.6 
C(Me)2 111.3 
CH2Ph 71.9 
Ph CH 127.4, 127.7, 128.3 
Ph C 137.4 
Table 27: 	' 3C NMR data for alkene (84), (63 MHz, CDC13 ). 
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3.2.2 	Methyl 5,6-dideoxy-2,3-0-isopropyl-a-D-lyxo-hex-5- 
enofuranoside (93) 
The alkene was prepared in four steps from D-mannose (Section 2.2.2). 
	
3.2.2.1 	Methyl 2,3: 5,6-Di-O-isopropylidene-a-D-mannofuranoside (97) 
The title compound was prepared using a literature procedure. 187  A solution 
of D-mannose (25 g, 139 mmol), 2,2-dimethoxypropane (85 cm), acetone (82.5 
cm), methanol (82.5 cm) and concentrated hydrochloric acid (2.5 cm) was heated 
at reflux for 2 hrs. The solution was cooled, water (250 cm) added and concentrated 
in vacuo to 250 cm3  below 30°C. The product was not isolated but taken directly 
on to the next stage. 
3.2.2.2 	Methyl 2,3-0-isopropylidene-a-D-mannofuranoside (98) 
To the stirred solution of (97) as prepared above, methanol (250 cm) and 
concentrated hydrochloric acid (6.25 cm) were added and the resulting solution 
stirred at 23°C for 200 mins. The solution was then neutralised by addition of sodium 
hydrogen carbonate solution (1M, 188 cm 3) before the methanol was removed in 
vacuo. The resulting aqueous solution was then extracted with chloroform in a liquid-
liquid extractor for 3 hrs. The extract was dried (MgSO 4) and then concentrated to 
afford a syrup which was carried directly through to the next stage. 
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3.2.2.3 	Methyl 2,3-O-isopropylidene-5,6-di-O-methanesulphonyl-a-D- 
mannofuranoside (99) 
Syrup (98) was dissolved in pyridine (125 cm) and methanesuiphonyl chloride 
(37.5 cm3) added while maintaining the stirred solution below 3 5'C. The solution 
was stirred at 20°C for 3 hrs, then excess methanesulphonyl chloride was decomposed 
by slow addition of water keeping the temperature below 50'C. More water (-1500 
cm') was added and the product filtered off, washed with water and dried in vacuo 
over phosphorous pentoxide. The crude product was reciystallised from ethanol to 
yield white needle crystals (99) (23 g, 43% from D-mannose); mp 143.5-145.5°C 
(lit. 186 144.5-146.0°C; m/z (FAB) M+H 391. 
3.2.2.4 	Methyl 5,6-dideoxy-2,3-0-isopropylidene-ct-D-lyxo-hex-5- 
enofuranoside (93) 
Zinc/copper couple (freshly prepared as before from 4.19 g of powdered zinc) 
was added to a stirred solution of the dimesyl compound (99) (5 g, 12.8 mmol), dried 
sodium iodide (9.6 g, 5.3 mmol), DMF (32 cm) and dimethoxyethane (9 cm) and 
heated at reflux for 70 mm. The cooled solution was poured into water (200 cm 3) 
with rapid stirring, then toluene (85 cm) was added and the mixture filtered through 
Celite. The aqueous layer was extracted with toluene (2 x 85 cm 3) and the combined 
organic fractions were washed with water (2 x 50 cm 3) and brine (50 cm) before 
being dried (MgSO4). The solvent was removed in vacuo to afford the crude product 
which was subsequently purified by dry flash column chromatography (silica gel, 
hexane/ether 0-20%) to yield a colourless oil (93) (1.9 g, 74%); oH  (200 MHz, 
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CDC13) see Table 28; öc (50 MHz, CDC1 3) see Table 29; m/z (FAB) Found M+H 




Resonance 5H Coupling J/Hz 
1 4.89 1,2 0 
2 4.55 2,3 5.9 
3 4.66 3,4 3.6 
4 4.37 4,5 7.4 
5 5.97 4,6a 0.9 
6a 5.32 4,6b 1.1 
6b 5.38 5,6a 10.1 
OCH3 3.32 5,6b 18.1 
C(CH3)2 1.29, 1.45 6a,6b 1.6 
Table 28: 	'H NMR data for alkene (93), (200 MHz, CDCI 3 ). 
Resonance 5c Resonance 
1 107.0 6 119.0 
2,3 81.0, 81.3 C(CH3)2 112.4 
4 85.2 C(CH3)2 24.8, 25.9 
5 132.2 OCH3 54.5 
Table 29: 	'3 C NMR data for alkene (84), (50 MHz, CDC1 3). 
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3.3 	Synthesis of Nitrite Oxide Precursors 
3.3.1 	Acetylated 2,6-anhydro-1-deoxy-1-nitroalditols 
These compounds were obtained in three steps from the parent aldoses using a 
modified version of the procedure reported by K011 et al. 114 
3.3.1.1 	1-Deoxy-1-nitroalditols 
The title compounds were prepared using a modification' 88 of the standard 
Fischer-Sowden reaction' 54 as described in the general procedure below. 
General Procedure 
The aldose (0.17 mol) suspended in a methanol (50 cm 3) and nitromethane (90 cm) 
mixture was mechanically stirred under anhydrous conditions (oven-dried glassware, 
calcium chloride guard tube) while a fresh sodium methoxide solution (5.25g sodium 
in 175 cm3 methanol, 0.23 mol) was added over 10 mins. Stirring was continued for 
24 hrs. The light brown solid formed was filtered off, washed with ice-cold methanol 
and sucked as dry as possible on a sinter. The solid was then dissolved in ice-cold 
water (250 cm3) and rapidly deionised by forcing through a column of Amberlite IR-
120 (H4) ion-exchange resin (500g) under nitrogen pressure. The eluant was checked 
to be acidic at all times. The column was then quickly washed down with ice-cold 
water (125 cm3) and the combined eluant and washings concentrated in vacuo to 
remove any remaining methanol and nitromethane. The product was not isolated but 
taken directly on to the next step. 
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3.3.1.2 	2,6-Anhydro-1-deoxy-1-nitroalditols 
These compounds were prepared by the cyclodehydration of the products from 
Section 3.3.1.1 using a literature procedure.' 89"9° Melting points and spectroscopic 
data were compared against the values reported by Köll et al. 19 ' 
General Procedure 
The solution of 1 -deoxy- 1 -nitroalditol in water (- 300 cm) from Section 3.3.1.1 was 
refluxed for 24 hrs, before activated charcoal (5 g) was added and reflux continued 
for a further 2 hrs. The reaction was then hot-filtered through Celite, concentrated in 
vacuo and then co-evaporated with ethanol (3 x 250 cm). The semi-crystalline mass 
was taken up in warm ethanol (- 300 cm), insoluble material filtered off and the 
resulting solution cooled until the product crystallised out. 
3.3.1.2.1 	2,6 -Anhydro-1-deoxy-1-nitro-D-gulitol (103) 
The crude product was recrystallised from ethanol to afford large white 
needles (103) (4.96 g, 15% from D-xylose); mp 13 1.5-134°C (lit. 191 132-1340C); öc 






2-5 69.1, 70.4, 76.7, 77.6 
6 68.9 
Table 30: 	' 3C N1VIR data for nitro-alditol (103), (50 MHz, D20). 
3.3.1.2.2 	2,6-Anhydro-1-deoxy-1-nitro-D-glycero-L-manno-heptitol (104a) 
The crude product was recrystallised from a methanol/water mixture (4:1) to 
yield fine white needles (104a) (13.4g. 52% from D-galactose); mp 197-200°C (lit. 191 
199-200°C); öc (50 MHz, D20) see Table 31; m/z (FAB) -224 (M+1). 
OH OH 






2-6 67.7, 68.9, 73.7, 76.4, 78.7 
7 61.1 
Table 31: 	' 3C NMIR data for nitro-alditol (104a), (50 MHz, D20). 
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3.3.1.2.3 	2,6-Anhydro-1-deoxy-1-nitro-D-glycero-D-galacto-heptitol (105a) 
The crude product was recrystallised from an ethyl acetate/ethanol mixture 
(1:1) which on trituration and freezing gave a white solid (105a) (12.31 g, 50% from 
D-mannose); mp 149-152°C (lit.' 91 151-1520C); 5c (63MiHz, D20) see Table 32; m/z 
(FAB) - 224 (M+1). 
OH 
OH 







* - poorly resolved 
Table 32: 	' 3C NIMIR data for nitro-alditol (105a), (63 MHz, D20). 
3.3.1.3 	Acetylated 2,6-anhydro-1-deoxy- 1-nitroalditols 
The 2,6-anhydro- 1 -deoxy- 1 -nitroalditols obtained from Section 3.3.1.2 were 
acetylated using the method of K011 et al. 154 
General Procedure 
Trifluoromethanesuiphonic acid (1 cm) was added to a stirred, ice-cooled 
solution of the nitro-alditol from Section 3.3.1.2 (15-45 mmol) in acetic anhydride 
and the solution left to warm to room temperature while stirring overnight. The 
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resulting mixture was added to an ice/water slurry, stirred for 1 hr and then extracted 
with chloroform (5 x 150 cm). The organic fraction was washed with brine (50 CM), 
dried (MgSO4) and the solvent removed in vacuo. The crude syrup formed was co-
evaporated with toluene (5 x 100 cm) to remove any remaining acetic acid, dissolved 
in chloroform 
(-.- 
300 cm) and stirred with activated charcoal for 30 mins. The 
solution was then filtered through Celite and the solvent removed in vacuo to afford 
the crude product. 
3.3.1.3.1 	3,4,5-Tri-O-acetyl-2,6-anhydro-1-deoxy-1-nitro-D-gulitol (100) 
This compound was obtained from (103) using the general procedure from 
Section 3.3.1.3 and recrystallised from ethyl acetate to form white needles (100) (5.8 
g, 92%); mp 164-166°C (lit.' 9 ' 164-165 °C); oH (200 MHz, CDC13) see Table 33; Oc 





Resonance oH Coupling J/Hz 
la 4.35 la,lb 13.4 
lb 4.46 la,2 3.1 
2 4.13 lb,2 8.6 
3 4.84 2,3 10.0 
4 5.21 3,4 9.4 
5 4.94 4,5 9.4 
6a 4.08 5,6a 5.6 
6b 3.29 5,6b 10.6 
Ac CH3 1.97 (x 2), 2.11 6a,6b 11.2 
Table 33: 	'H N1v1IR data for acetylated nitro-alditol (100), (200 MHz, CDCI 3). 
Resonance 
1 75.8 
2-5 68.5, 69.4, 73.0, 74.8 
6 66.5 
Ac CH3 20.3 
Ac C0 169.5, 169.8 
Table 34: 	13C NMIR data for acetylated nitro-alditol (100), (50 MIFIz, CDCI3). 
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3.3.1.3.2 	3,4,5,7-Tetra-0-acetyl-2,6-anhydro- 1-deoxy-1-nitro-D-glycero-L- 
manno-heptitol (104) 
This compound was obtained from (104a) using the general procedure above 
and recrystallised from ethyl acetate as flat white crystals (104) (10.3 g, 61%); mp 
102-103°C (lit.'9 ' 102-103 0C); oH (200 MHz, CDC1 3) see Table 35; 0c (50 IvlIIz, 






Resonance 5H Coupling JIHz 
la 4.37 la,lb 13.5 
lb 4.56 la,2 2.8 
2 4.23 lb,2 9.1 
3 5 . 11* 2,3 9.7 
4 5 . 09* 3,4 nd 
5 5.43 4,5 2.8 
6 3.95 5,6 1.2 
7a 4 . 07* 6,7a nd 
7b 4 . 07* 6,7b nd 
Ac CH3 1.94, 1.97,2.03,2.11 7a,7b nd 
* - unresolved 




2-6 66.4, 67.0, 71.2, 74.2, 74.5 
7 60.9 
Ac CF!3 20.4 
Ac C0 169.7, 169.8, 169.9, 170.1 
Table 36: 	' 3C NMR data for acetylated nitro-alditol (104), (50 MHz, CDC13). 
3.3.1.3.3 	3,4,5,7-Tetra-O-acetyl-2,6-anhydro-1-deoxy-1-nitro-D-glycero-D- 
galacto-heptitol (105) 
This compound was obtained from (105a) using the general procedure above 
and recrystallised from ethyl acetate to afford small white crystals (105) (9.4 g, 84%); 
mp 179-181.5°C (lit.' 91 179-1800C); oH (360 MHz, C 6D6) see Table 37; Oc  (50 MHz, 
CDC13) see Table 38; mlz (FAB) found 392.11928, (M+1, C 15H22N0 11 requires 
392.11927); [a]24  D= -31.2° (CDC13, c0.2) (lit.
191  [a] 20  D = -32°); Found: C, 46.07%; 







Resonance 5H Coupling JIHz 
la 4.04 la,lb 13.7 
lb 3.26 la,2 9.6 
2 3.75 lb,2 2.4 
3 5.11 2,3 1.2 
4 4.96 3,4 3.5 
5 5.45 4,5 10.2 
6 3.04 5,6 10.0 
7a 4.27 6,7ã 4.8 
7b 3.83 6,7b 2.2 
Ac CH3 1.44,1.62,1.69(x2) 7a,7b 12.5 
Table 37: 	'H NIMR data for acetylated nitro-alditol (105), (3 60 MHz, C6D6) 
Resonance 
1 75.1 
2-6 65.3, 68.0, 71.6, 73.2, 76.3 
7 62.1 
Ac C0 169.4, 170.0, 170.1, 170.5 
Ac CH3 20.5 
Table 38: 	' 3C NIvIR data for acetylated nitro-alditol (105), (50 MHz, CDC13). 
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3.4 	Nitrite Oxide Cycloadditions 
The nitrile oxides were generated in situ from the nitroalditols using either 
tolylene di-isocyanate (TDI) or phenyl isocyanate (PhNCO) as the dehydrating agent. 
3.4.1 	General Procedures 
3.4.1.1 	TDI Method 
Acetylated nitroalditol (1.57 mmol) in a solution of solvent (50 cm) was 
added via a syringe pump (1.2 cm 3/hr) into a stirred solution of alkene (6.28 mmol), 
TDI (4.70 mmol) and triethylamine (0.74 mmol) in the same solvent (50 cm) while 
heating to refiux. The solution was held at reflux for a further 10 hrs. The reaction 
mixture was then cooled to 0°C and stirred while ether (25 cm) was added. 1,2-
diaminoethane (4.70 mmol) in ether (25 cm) was added dropwise to the ice-cooled 
solution over 30 mins and the solution left to stir for a further 30 mins. The 
precipitated polymeric urea was filtered off through Celite and the filter pad washed 
with ether (50 cm 3) and chloroform (50 CM)  . The combined filtrate and washings 
were concentrated in vacuo. The residue was dissolved in ethyl acetate (30 cm) and 
filtered through a silica pad which was then washed with ethyl acetate (2 x 20 cm). 
The combined filtrate and washing were reduced in vacuo to afford the product as an 
oil. 
3.4.1.2 	Phenyl Isocyanate Method 
The acetylated nitroalditol (1.57 mmol) was pumped (1.2 cm 3/hr) into a stirred 
solution of alkene (6.28 mmol), phenyl isocyanate (9.40 mmol) and triethylamine 
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(0.74 mmol) in the same solvent (50 cm) while heating to refiux. The solution was 
held at refiux for a further 10 hrs. The reaction mixture was then cooled to 0°C and 
stirred while ether (25 cm3) was added. 1,2-diaminoethane (9.40 mmol) in ether (25 
cm) was added dropwise to the ice-cooled solution over 30 mins and the solution left 
to stir overnight. The solution was washed through a silica pad which was then 
washed with ethyl acetate (2 x 30 cm'). The combined filtrate and washings were 
concentrated in vacuo. 
3.4.2 	Model Cycloaddition Studies 
3.4.2.1 	Using 2,3,4-Tri-O-acetyl-f3-xylopyranosyl-1-nitrile Oxide (79) 
3.4.2.1.1 	Cycloaddition Reaction with Methylenecyclohexane 
Cycloaddition of nitrile oxide (79) (1 M eq.) to methylenecyclohexane (5 M 
eq.) was carried out using the procedure described in Section 3.4.1.1 with 1,1,1-
trichioroethane, toluene and dichloromethane (5:4:1) as solvent (Refiux Temperature 
71°C). The solvent and excess alkene were removed in vacuo and the crude 
product recrystallised from ethyl acetate as fine white needles (60%); 5-
spirocyclohexyl-3 -(2,3 ,4-tri-O-acetyl-3-D-xylopyranos- 1 -yl)-2-isoxazoline (106); mp 
189-191°C; oH (CDC13, 200 MHz) see Table 39; Oc  (CDC13, 50 MHz) see Table 40; 
m/z (FAB) - 398 (M+1); Found: C, 57.02%; H, 6.88%; N, 3.56%. C 19H27N08 
requires: C, 57.48%; H, 6.85%; N, 3.53%. 
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Resonance 5H Coupling J/Hz. 
 418 1',2' 988 
 4. 95 2 1 ,3' 9.63 
5.24 3 1 ,4' 11.28 
4' 4.95 4',5'eq 5.72 
5'a 4.09 4',5'ax 10.81 
5'b 3.32 
4a, 4b 2.74 Geminal 4a,4b 20.9 
1"a,b-5"a,b in 1.20-1.78 	(10 H) 
Table 39: 	'H NMIR data for cycloadduct (106), (200 MHz, CDC1 3 ). 
Resonance 5C Resonance 
1 1 -4' 68.8 (x 2), 72.7, 74.7 5 87.2 
5' 66.5 1 11-5" 23.1, 26.7 1  36.0, 36.3 
3 154.2 Ac C=O 169.6, 169.7, 169.8 
4 42.2 Ac CH3 20.3, 20.4, 30.7 
Table 40: 	' 3C NMR data for cycloadduct (106), (50 MHz, CDC13). 
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3.4.2.1.2 	Cycloaddition Reaction with Styrene 
Cycloaddition of nitrile oxide (79) (1 M eq.) to styrene (5 M eq.) was carried out 
using the procedure in Section 3.4.1.1 with 1,1, 1-trichioroethane, toluene and 
dichioromethane (5:4:1) as solvent (Reflux Temperature = 7 1°C). The excess alkene 
was removed by dry flash column chromatography to afford the mixed diastereomers 
(0.43 7 g, 57%) in a ratio of 1:1 ('H NMR integral comparison). The diastereomers 
were separated by dry flash column chromatography and the less polar R f value 
product recovered as a white foam (0.194 g, 25%); 5-phenyl-3-(2,3,4-tri-O-acetyl-f3-
D-xylopyranosyl)-2-isoxazoline (107); oH (CDC13, 360 MHz) see Table 41; Oc 





Resonance 5H Coupling J/Hz. 
1' 429 1 2 ,2' 992 
2' 502 2 7 ,3' 972 
3' 5.91 3 7 ,4' 9.54 
4' 4.98 4 7 ,5'eq 5.65 
5'eq 4.11 4',5'ax 10.96 
5'ax 3.36 4a,4b 17.18 
4a 2.96 4a,5 8.86 




Table 41: 	'H NMR data for cycloadduct (107), (360 MHz, CDC13). 
Resonance öc 





Ph z 140.1 
Ph o,m 125.8, 128.5 
Php 128.1 
Ac C=O 169.7, 169.8, 169.7 
Ac CH3 20.4, 20.5 (x2) 
Table 42: 	' 3C NMR data for cycloadduct (107), (50 MHz, CDC1 3 ). 
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3.4.2.2 	Using 2,3,4,6-Tetra-0-acetyl-f3-mannopyranosyl-1-nitrile 
Oxide (90) 
	
3.4.2.2.1 	Cycloaddition Reaction with Methylenecyclohexane 
Cycloaddition reactions of the D-mannose derived nitrile oxide (90) to 
methylenecyclohexane were attempted using firstly the protocol with TDI as 
dehydrating agent and secondly the protocol with P1INCO as dehydrating agent. 
Following the normal work-up procedure starting material was recovered and its 
identity confirmed by 'H NMR and tic against an authentic sample. 
3.4.2.2.2 	Cycloaddition Reaction with Styrene 
Cycloaddition of nitrile oxide (90) (1 M eq.) to styrene (5 M eq.) was carried 
out using the procedure in Section 3.4.1.2 with toluene as solvent (Reflux 
Temperature = 111°C) and PhNCO (3 M eq.) as dehydrating agent. The reaction 
mixture was cooled to 0°C and ether (25 cm) added. 1,2-diaminoethane (3 M eq.) in 
ether (25 cm) was then added dropwise to quench any unreacted PIINCO before the 
reaction mixture was passed through a silica pad which was washed with ether (100 
cm3) and chloroform (100 CM)  . The solvent was removed in vacuo and the 
unreacted styrene removed via dry flash column chromatography to afford the 
diastereomer mixture as a white foam (80%) in a ratio of 1:1 ( 1H NMR integral 
comparison). The diastereomer mixture was separated by further dry flash column 
chromatography and the less polar isomer was obtained as a white semi-crystalline 
solid (34%); 5 -phenyl-3 -(2,3 ,4,6-tetra-O-acetyl-3-D-mannopyranosyl)-2-isoxazoline 
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(110); öc ((CD3)2CO3 50 MHz) see Table 43; m/z (FAB) Found M+1 478.17235 









Ph 1 150.6 
Ph o,m 129.1, 139.3 
Ph p 132.7 
Ac CH3 38.8, 39.2, 39.6, 40.0 
Ac C=O 180.0 (x4) 
Table 43: 	' 3C NIvIR data for less polar cycloadduct (110), ((CD3)2CO 3 50 Mhz). 
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3.4.2.3 	Deuterium Labelling NMR Studies of Nitronate Anion Formation 
General Procedure 
The nitromethyl compound (0.05 mmol) was dissolved in CDC1 3 (1 cm) and 
triethylamine (0.025 mmol) added. A 'H NMIR spectrum was obtained. D 20 (0.3 
cm) was added to the NMR tube which was shaken vigourously for 15 mins. A 
second proton spectrum was then obtained. 
	
3.4.2.4.1 	Using 3,4,5,7-Tetra-O-acetyl-2,6-anhydro-1-deoxy-1-nitro-D- 
glycero-L-rnanno-heptitol (104) 
The above procedure was followed and the CH2NO2 protons were found to 
have exchanged on shaking with D20. 
3.4.2.4.2 	Using 3,4,5,7-Tetra-O-acetyl-2,6-anhydro-1-deoxy-1-nitro-D- 
glycero-D-galacto-heptitol (105) 
The above procedure was followed and the CH2NO 2 protons were found to 
have exchanged on shaking with D 20. 
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3.4.3 	Nitrile Oxide Cycloadditions to Methyl 5,6-dideoxy-2,3-0- 
isopropylidene.-a-D-lyxo-hex-5-enofuranoside (93) 
3.4.3.1 	Using 2,3,4-Tri-O-acetyl-3-xy1opyranosy1-1-nitrile Oxide (79) 
The cycloaddition of nitrile oxide (79) (1 M eq.) to the lyxo alkene (93) (4 M 
eq.) was carried out using the procedure in Section 3.4.1.1 with o-xylene, TI-IF and 
dichioromethane (5:4:1) as solvent (Reflux Temperature = 78 °C). The excess alkene 
was removed by dry flash column chromatography to afford the mixed diastereomers 
(67%) in a ratio of 82:18 ('H NMR integral comparison). The major SR diastereomer 
(111) was isolated by further chromatography and selective recrystallisation from 
methanol as fine white needles; identified as 5R-5-(1-methyl-2,3-O-isopropylidene-(x-
D-lyxo-tetraftiranos-4-yl)-3 -(2,3 ,4-triO-acety1-3-D-xylopyranosy1)-2-isoxazo1ine 
(111); mp 193.5-196.0°C; oH (CDC13 , 250MHz) see Table 44; öc  (CDC13, 63 MHz) 
see Table 45; mlz (FAB) Found M+ 1 502.19005 (C22H32N0 12  requires 502.19245 
M+1); [(X123. 'D -89.7° (CHC1 3, c = 0.32) ; Found: C, 52.5 1%; H, 6.03%; N, 2.82%. 






Resonance oH Coupling JIHz 
 492 1 17 ,2" 00 
 452 2 37 ,3" 59 
 4.71 3 7 ',4" 3.7 
 3.95 4 7 ',5 6.5 
4a 3.12 4a,5 10.5 
4b 3.10 4b,5 8.5 
5 4.86 4a,4b 18.7 
 423 1',2' 99 
 500 2 3 ,3' 88 
 527 3',4' 95 
 5. 01 4', 5'a 5.6 
S'a 413 4',5'b 99 
5'b 3.34 5'a,5'b 11.0 
OCH3 3.27 
C(CH3)2 1.27, 1.44 
Ac CH3 1.98-2.01 (0) 
Table 44: 	'H NMR data for major cycloadduct (111), (CDC1 3 , 250 MHz.). 
163 
Resonance oc Resonance öc 
1" 1071 3' 689 
2" 847 4' 689 
3" 79.2 5' 66.6 
4" 79.1 C(CH3)2 112.6 
3 155.8 C(CH3)2 24.3, 25.7 
4 35.4 Ac C0 169.7 (x 3) 
5 78.0 Ac CH3 20.5(x3) 
 74.3 OCH3 54.5 
 72.6 
Table 45: 	' 3C N]\41R data for cycloadduct (111), (CDC13, 63 MHz.). 
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3.4.3.2 	Using 2,3,4,6-Tetra-0-acetyl-f3-galactopyranosyl-1-nitrile 
Oxide (89) 
The cycloaddition reaction of nitrile oxide (89) (1 M eq.) to the lyxo alkene 
(93) (4 M eq.) was carried out using the procedure in Section 3.4.1.1 with toluene 
(Reflux Temperature = 111°C). The excess alkene was removed via dry flash column 
chromatography to afford the mixed diastereomers (85%) in a ratio of approx. 70:30 
('H NIvIR integral comparison). The diastereomers were inseparable by dry flash 
column chromatography, however repeated selective recrystallisation of the 
concentrated first eluted fraction afforded a 90% pure sample of the less polar 
diastereomer as a white foam; identified as 5R-5-(1-methyl-2,3-O-isopropylidene-(x-
D-lyxo-tetrafl.iranos-4-yl)-3 -(2,3 ,4,6-tetra-O-acetyl-f3-D-galactopyranosyl)-2- 
isoxazoline (113); oH see Table 46; 0c  see Table 47; m/z (FAB) found: 574.21555 








Resonance oH Resonance 
1" 488 2' 522 
2" 457 3' 513 
3" 475 4' 547 
4" 3.96 5' 3.95 
4a 3.23 6'a,b 4.11 
4b 3.11 OMe 3.30 
5 4.77 Isopropyl CH3 1.29 (x2) 
1' 4.34 Ac CH3 1.98-2.02(x4) 
Table 46: 	'H NE\4R data for cycloadduct (113), (CDC1 3, 250 MHz.). 
Resonance oc Resonance oc 
 1071 4 1 ,5' 650,672 
 84.8 6' 61.3 
 79.4 C(CH3)2 112.6 
 79.1 C(CH3)2 24.3, 25.6 
3 156.0 Ac C0 169.8, 170.0(x2), 
170.3 
4 35.8 Ac CH3 20.5 (x4) 
5 77.9 OCH3 54.6 
1 7 -3' 74.2, 74.3, 74.7 
Table 47: ' 3C NIMIR data for cycloadduct (113), (CDC1 3)  63 Mhz.). 
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3.4.4 	Nitrile Oxide Cycloadditions to 3-0-Benzyl-5,6-dideoxy-1,2-0- 
isopropylidene-a-D-xylo-hex-5-enofuranose (84) 
3.4.4.1 	Using 2,3,4-Tri-O-acetyl-3- xylopyranosyl-1-nitrile Oxide (79) 
The cycloaddition of nitrile oxide (79) (1 M eq.) to the xylo alkene (84) (4 M 
eq.) was carried out using the procedure in Section 3.4.1.1 with 1,1,1 -trichioroethane, 
toluene and dichloromethane (5:4:1) as solvent (Reflux Temperature = 71°C). The 
excess alkene was removed via dry flash column chromatography to afford the mixed 
diastereomers in a combined yield of 88% and a ratio of 79:21 ('H NIvliR integral 
comparison). The diastereomers were separated by dry flash column chromatography 
and the less polar Rf value adduct obtained as large white needles in 55% yield; 
identified as 5R-5-(3 -O-Benzyl- 1 ,2-O-isopropylidene-ct-D-xylo-tetrafuranos-4-yl)-3 - 
(2,3 ,4-tri-O-acetyl-3-D-xylopyranosyl)-2-isoxazoline (114); mp 144-145°C from 
methanol; [a]2'D  -132.6° (c = 0.98, CHC1 3); m/z (FAB) 578.22370 (M+1) 
C28H36N0 12  requires 578.22373; oH  (360 MHz, CDC13) see Table 48; öc (50 MHz, 
CDC13) see Table 49; Found: C, 58.04%; H, 5.91%; N, 2.39%. C 28H35N0 12 requires: 








Resonance 5H Coupling JIHz 
 424 1',2' 99 
 500 2',3' 95 
 527 3',4' 95 
 5.00 4',5'a 5.7 
5'a 4.13 4',5'b 10.7 
5'b 3.35 5'a,5'b 11.2 
4a,4b 3.15 4a,4b 0 
5 4.86 4a,5 9.0 
 588 4b,5 90 
 456 1",2" 30 
 400 2",3" 0 
 4.16 3",4" 3.3 
PhCH2 4.58, 4.64 4",5 7.2 
Ph 7.26-7.37 PhCH2 11.8 
Ac CH3 2.00, 2.01, 2.02 
C(CH3)2 1.28, 1.45 
Table 48: 	'H NMIR data for major cycloadduct (114), (CDC1 3 , 360 MHz.). 
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Resonance 






2 7 )-4" 80.0, 81.3, 82.5 
Ph Cquat. 137.3 
Ph CH2 72.3 
C(CH3)2 111.8 
C(CH3)2 26.1, 26.7 
Ac CH3 20.5 
Ac C0 169.7 (x2), 169.9 
Table 49: 	13C NIVIIR data for major cycloadduct (112), (CDCI3 , 50 MHz.). 
3.4.4.2 	Using 2,3,4,6-Tetra-0-acetyl-3-galactopyranosyl-1-nitrile 
Oxide (89) 
The cycloaddition of nitrile oxide (89) (1 M eq.) to the xylo alkene (84) (4 M 
eq.) was carried out using the procedure in Section 3.4.1.1 with toluene as solvent 
(Reflux Temperature = 111°C). The excess alkene was removed via dry flash column 
chromatography to afford the mixed diastereomers (85%) in a ratio of 81:19 ( 1H 
NIN'IIR integral comparison). The diastereomers were separated by dry flash column 
chromatography and the major adduct obtained as a white solid in 58% yield; 
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identified as 5R-5-(3-O-benzyl- 1 ,2-O-isopropylidene-a-D-xylo-tetrafliranos-4-yl)-3-
(2,3 ,4,6-tetra-0-acety1-3-D-galactopyranosy1)-2-isoxazo1ine (116); mp 116-118°C 
from methanol; [X]24D -75.8° (CDC13 , c = 1.06); oH (CDCI3, 250 MHz) see Table 50; 
oc (CDCl, 63 MHz) see Table 51; mlz (FAB) Found 650.24734 (M'+l) C31HNO 14 
requires 650.24486. 
The minor adduct 192  was obtained as a white solid (7%); identified as 5S-5-(3-
0-benzyl- 1 ,2-O-isopropylidene-ct-D-xylo-tetrafuranos-4-yl)-3 -(2,3 ,4,6-tetra-0- 
acetyl-o-D-galactopyranosyl)-2-isoxazoline (117); mp 94-96°C from methanol; [a] 24D 
-25.1° (CDC13 , c = 0.64); oH see Table 50; Oc see Table 51; m/z (FAB) Found 





Resonance oH 116 OH 117 Coupling JIHz 116 J/Hz 117 
 5. 89 5.98 1 11 ,2" 3.6 3.8 
 457 464 2 12 ,3" 00 00 
 402 401 3",4" 3.2 3.6 
 4.18 4.18 4",5 7.6 8.4 
4a 3.19 2.61 4a,5 9.2 7.9 
4b 3.24 3.01 4b,5 8.6 11.3 
5 4.89 4.46 4a,4b 16.6 17.6 
 432 430 1',2' 94 96 
 523 511* 2',3' 100 nd 
 5. 10 5.08* 3',4' 3.2 nd 
 544 545* 4,5' 27 nd 
 395 394 5',6'a 60 65 
6'a 4 . 09* 4 . 08* 5',6'b 6.5 6.2 
6'b 4 . 06* 4 . 08* 6'a,6'b nd nd 
CH2Ph 4.62, 4.66 4.40, 4.70 CH2Ph 11.9 12.0 
Ph 7.25-7.35 7.25-7.40 
Ac CH3 1.97, 2.01 1.95, 1.99, 
(x2), 2.13 2.03, 2.14 
C(CH3)2 1.28, 1.45 1.31, 1.50 
poorly resolved 
nd 	not determined 
Table 50: 	'H NIMIR data for major (116) and minor (117) cycloadducts, 
(CDC131  250 MHz.). 
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Resonance öc 116 öc 117 
1" 105.0 105.6 
2 73 -4" 80.1, 81.2, 82.5 79.4, 81.7, 81.8 
3 156.1 154.5 
4 36.0 35.0 
5 77.4 79.4 
1 7 -3' 71.1, 73.9, 74.2 70.8, 74.1, 74.3 
4 1 ,5' 66.0, 67.1 65.9, 67.2 
6' 61.4 61.4 
CH2Ph 72.3 71.4 
Ph 127.5, 127.7, 128.3 127.6, 127.9, 128.4 
Ph quat. 137.2 137.0 
C(CH3)2 111.8 111.9 
C(CH3)2 26.1, 26.6 26.4, 26.6 
Ac CO 169.8, 169.9 (x2), 170.2 154.5, 169.7, 169.9, 170.2 
Ac CH3 20.5 (x4) 20.4 (x2), 20.5 (x2) 
Table 51: 	13C NMR data for major (116) and minor (117) cycloadducts, 
(CDC13 )  63 MHz.). 
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3.5 	Deacetylation of 2-Isoxazolines 
3.5.1 	Potassium Cyanide Method 81,172 
General Procedure 
The polyacetylated isoxazoline (1 M eq.) and potassium cyanide (0.5 M eq.) were 
stirred together in methanol/methylene chloride (7:3; 10 cm 3/100 mg isoxazoline) at 
room temperature. The consumption of starting material was monitored by t.l.c. 
(silica; methanol/methylene chloride 5-10%). The solvent was removed in vacuo, the 
residue dissolved in ethyl acetate and filtered through a silica pad. The combined 
filtrate and washing were reduced in vacuo. The crude deacetylated product was 
purified by recrystallisation or preparative t.l.c., but in many cases this was not 
required. 
3.5.2.1 	Deacetylation of 5-(spirocyclohexyl)-3-(2,3,4-tri-O-acetyl--D 
xylopyranosyl)-2-isoxazoline (106) 
The deacetylation was carried out using the procedure from Section 3.5.1 to 
afford the product after chromatography as a white foam in 65% yield. This was 
identified as 5-(spirocyclohexyl)-3 -(3-D-xylopyranosyl)-2-isoxazoline (119); öc (50 
MHz, D6-DMSO) see Table 52; mlz (FAB) found 272.14980 (M+1) C 13H22N05 
requires 272.14979. 
173 
3.5.2 	Sodium Methoxide Method 173 
General Procedure 
The polyacetylated isoxazoline (100 mg, 1 M eq.) was suspended in methanol 
(10 cm) while freshly prepared sodium methoxide solution (1 cm 3 ; 0.25 g sodium in 
50 cm3 methanol) was added and the solution left to stir overnight at room 
temperature. Amberlite (IR-120, H) (10 M eq.) was then added and stirring 
continued for a further 4 hrs. The Amberlite was filtered off and the reaction mixture 
was concentrated in vacuo to afford the crude deacetylated product. 
3.5.2.1 	Deacetylation of 5-(spirocyclohexyl)-3-(2,3,4-tri-O-acetyl-f3-D- 
xylopyranosyl)-2-isoxazoline (106) 
The deacetylation was carried out using the procedure from Section 3.5.2 to 
afford the product directly as a white foam (95%). This was identified as 5-
(spirocyclohexyl)-3-(3-D-xylopyranosyl)-2-isoxazoline (119); öc (50 MHz, D6-











1 33 -5" 23.1, 23.2, 27.7, 35.7, 35.8 
Table 52: 	' 3C NMR data for deprotected isoxazoline (119). 
3.6 	Trimethylsilyl Protection of 2-Isoxazoilnes 
3.6.1 	General Procedure 
The deacetylated isoxazoline (1 mmol) was suspended in DMF (30 cm) while 
chlorotrimethylsilane (3.6 mmol) and triethylamine (10 mmol) were added. The 
reaction was left to stir under nitrogen at room temperature and monitored by t.l.c. 
On completion the excess reagents were removed in vacuo and the residue dissolved 
in chloroform (50 CM)  . The organic layer was washed with water (3 x 3 0cm 3), then 
brine (30 cm) before being dried (MgSO 4). The solvent was removed in vacuo to 
afford the product. 
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3.6.1.1 	Trimethylsilylation of 5-(spirocyclohexyl)-3-(3-D-xylopyranosyl)- 
2-isoxazoline (119) 
The silylation was carried out using the procedure above to afford the 
product after chromatography (NEt 3 washed silica) as a white semi-crystalline solid in 
60% yield. This was identified as 5-(spirocyclohexyl)-(2,3 ,4-tri-O-trimethylsilyl)-3 - 
(3-D-xy1opyranosyl)-2-isoxazoline (120); öc  (63 MHz, CDC1 3) see Table 53; m/z 










1"-5" 22.5, 22.9, 24.9, 3 6. 1 (x2) 
(CH3)3 Si 0.1 - 1 . 13* 
* 	 poorly resolved 
Table 53: 	' 3C NMR data for isoxazoline (120). 
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3.7 	Lithium Aluminium Hydride Ring-Opening of 2-Isoxazolines to y- 
amino alcohols 
3.7.1 	Lithium Aluminium Hydride Ring-Opening of 5- 
(spirocyclohexyl)-(2,3,4-tri-0-trimethylsilyl)-3-(f3-D-
xylopyranosyl)-2-isoxazoline (120) 
The isoxazoline (53 mg, 0.109 mmol) in THF (10 cm) was added to an ice-
chilled stirred solution of LiAIH4 (0.218 mmol) in THF (20 cm) in dry glassware 
under nitrogen. The reaction mixture was left to stir under nitrogen overnight whilst 
warming to room temperature. An aliquot (0.5 cm) was removed, shaken with water 
and ether and a sample of the organic layer was then examined by tic (silica; 
CH2C12/MeOH 9:1). Tlc confirmed that the starting material had been consumed and 
that a more polar material which stained with ninhydrin was present. Water (20 cm) 
was then added to the reactioin mixture, followed by excess aqueous NaRC0 3 . The 
product was then extracted under nitrogen using degassed chloroform (3x50 cm). 
The combined organic extracts were dried under nitrogen over Na 2SO4 and the 
solvent removed in vacuo to afford the product as an oil. The products stained with 
ninhydrin and were likely to be a pair of y-amino alcohols (121 and 122) (21 mg, 
40%); m/z (MB) found (M+1) 490.28619, C22I48NO5Si3 requires 490.28403. 
TMSO 	 0 N
H2 OH 




3.8 	Reductive Hydrolytic Cleavage of 2-Isoxazolines to 3- 
Hydroxyketones 
3.8.1 	Palladium-on-Charcoal Catalysed Hydrogenolysis of 2-Isoxazoline 
(119) 
Deacetylated isoxazoline (119) (108 mg, 0.40 mmol), Palladium-on-Charcoal 
(10%, 40 mg) and boric acid (148 mg, 2.39 mmol) were stirred together at room 
temperature in a methanol/water mixture (5:1, 15 cm). THF (1 cm) was added to 
aid dissolution and the solution was degassed using a water pump and flushed with 
hydrogen five times. The solution was left to stir vigourously under a hydrogen 
atmosphere (H2 filled balloon) and the reaction was monitored by tic (silica; 
CH2C12IMeOH 9:1). After 72 hr tic indicated that the starting material had been 
consumed. The Pd/C was then filtered off through Celite and the filtrate was reduced 
in vacuo at room temperature. Methanol was added and evaporated several times to 
remove the excess boric acid as the volatile tnmethyl borate ester. The product 
mixture was then separated by preparative tic (silica; CH 2C12/MeOH 9:1). The first 
eluted band was identified as starting material (23 mg, 21%). The next eluted band 
which stained with Brady's reagent was identified as 3-hydroxyketone (125)(59 mg, 
55%); u,/cm' (neat) 3490 (OH), 1724 (C=O); öc (50 Mhz, CD 30D) see Table 54; 
m/z (FAB) found (M+1) C 13H2206 requires. The most polar band (21 mg, 20% was 














1 23 -5" 16.5, 21.1, 24.7, 36.4, 36.7 
Table 54: 	' 3C NMR data for carbonyl compound (125) 
3.8.2 Attempted Raney-Nickel Induced Hydrogenolysis of 2-Isoxazoline (119) 
Deacetylated isoxazoline (119)(1 10 mg, 0.41 mmol) and boric acid (150 mg, 
141 mmol) were dissolved in a mixture of methanol and water (5:1) (12 cm') and 
Raney-Nickel (4 spatula tips) added. The mixture was degassed and hydrogen flushed 
five times before being left to stir vigourously under a hydrogen atmosphere (H 2 filled 
balloon). The consumption of starting material was monitored by tic (silica; CH 202 , 
MeOH 9:1), and upon completion (20hrs) the mixture was filtered through a Celite 
pad and concentrated in vacuo at room temperature. Methanol was added and 
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evaporated several times to remove the excess boric acid as the volatile trimethyl 
borate ester. However, on work-up it was found that the product mixture had 
decomposed to give multiple spots by tic. 
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Table 1. Crystal data and structure refinement for everst at 150(2) K. 
Empirical formula C22 E31 N 012 
Formula weight 501.48 
Wavelength 1.54184 A 
Crystal system Orthorhombic 
Space group P2(1)2(1)2(1) 
Unit cell dimensions a = 8.518(2) A 	alpha = 90 deg. 
b = 16.514(3) A beta = 90 deg. 
c = 17.250(3) A 	gamma 	90 deg. 
Volume 2426.5(8) A'3 
Z 4 
Density (calculated) 1.373 Mg/m3 
Absorption coefficient 0.959 min'-1 
F(000) 1064 
Crystal description Colourless needle 
Crystal size 0.62 x 0.08 x 0.08 mm 
Theta range for data collection 3.71 to 59.99 deg. 
Index ranges -9<=h<8, -14<k<=18, -18<=l<=19 
Reflections collected 3897 
Independent reflections 3493 	[R(int) = 0.0359] 
Scan type omega-theta 
Data / restraints / parameters 3485/0/323 (Full-matrix least-squares on F2 
Goodness-of-fit on F'2 1.065 
Conventional R [F>4sigma(F)] Ri = 0.0569 	[2713 data] 
R indices (all data) Ri = 0.0827, wR2 = 0.1226 
Absolute structure parameter 0.2(4) 
Extinction coefficient 0.00035(6) 
Final maximum delta/sigma -0.039 
Weighting scheme 
caic wi/[\s'2'(Fo2)+(0.0335P)2+1.8472P] where P(Fo2'+2Fc'2)/3 
Largest diff. peak and hole 0.217 and -0.211 e.A-3 
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic 
displacement parameters (A2 x 103) for 1. U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 
x y z U(eq) 
C(1) 7293(6) 198(3) 6515(3) 25(1) 
0(1) 8587(4) 308(2) 6018(2) 27(1) 
C(1OX) 9767(6) 823(4) 6349(3) 34(1) 
C(2) 6128(5) -340(3) 6082(3) 22(1) 
0(2) 5201(4) -774(2) 6636(2) 29(1) 
0(3) 3463(4) 33(2) 6009(2) 26(1) 
C(3) 4965(5) 256(3) 5708(3) 22(1) 
C(4) 5487(5) 1085(3) 6000(3) 19(1) 
0(4) 6485(4) 932(2) 6660(2) 22(1) 
0(5) 3082(4) 1772(2) 5658(2) 26(1) 
C(5) 4173(6) 1627(3) 6295(3) 22(1) 
C(6) 4728(6) 2472(3) 6540(3) 26(1) 
N(7) 3214(5) 2588(2) 5412(2) 24(1) 
C(7) 4095(5) 2974(3) 5890(3) 20(1) 
C(8) 4332(5) 3855(3) 5766(3) 23(1) 
0(8) 5930(4) 4038(2) 5955(2) 30(1) 
C(9) 3265(6) 4378(3) 6285(3) 23(1) 
0(9) 1658(4) 4187(2) 6092(2) 24(1) 
 933(6) 3641(3) 6567(3) 25(1) 
0(91) 1453(5) 3438(2) 7182(2) 42(1). 
 -534(6) 3330(3) 6212(3) 35(i) 
C(10) 3552(5) 5259(3) 6086(3) 21(1) 
0(10) 2645(4) 5768(2) 6598(2) 24(1) 
 1817(6) 6392(3) 6284(3) 28(1) 
0(101) 1625(5) 6464(2) 5598(2) 49(1) 
 1209(6) 6939(3) 6888(3) 28(1) 
C(11) 5280(6) 5428(3) 6245(3) 23(1) 
0(11) 5600(4) 6253(2) 6014(2) 27(1) 
 6844(7) 6608(3) 6385(3) 30(1) 
0(111) 7590(4) 6255(2) 6878(2) 40(1) 
 7137(7) 7446(3) 6104(4) 41(2) 
C(12) 6293(6) 4864(3) 5769(3) 31(1) 
 3617(6) -751(3) 6354(3) 27(1) 
 2519(7) -814(3) 7034(3) 38(1) 
 3356(7) -1399(3) 5744(3) 35(1) 
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Table 4. 	Anisotropic displacement parameters (A'2 x 10'3) for 1. 
The anisotropic displacement factor exponent takes the form: 
-2 pi - 2 ( h"2 a*2 Ull + ... + 2 h k a* b* U12 1 
Ull 	U22 	U33 	U23 	U13 	U12 
C(l) 22(3) 23(3) 30(3) 5(2) 3(2) 3(2) 
0(1) 19(2) 35(2) 28(2) -3(2) 2(2) -4(2) 
C(1OX) 22(3) 45(3) 36(3) -7(3) -2(2) -9(3) 
C(2) 21(3) 22(3) 23(3) 1(2) 1(2) -2(2) 
0(2) 24(2) 29(2) 34(2) 10(2) 3(2) -1(2) 
0(3) 20(2) 23(2) 35(2) 2(2) 4(2) -1(2) 
C(3) 18(3) 25(3) 21(3) 0(2) 1(2) -2(2) 
C(4) 20(3) 21(2) 17(2) 0(2) 2(2) -3(2) 
0(4) 21(2) 22(2) 24(2) -2(1) 0(2) 4(2) 
0(5) 22(2) 21(2) 37(2) 0(2) -7(2) -2(2) 
C(5) 18(3) 24(3) 23(3) 1(2) -2(2) 0(2) 
C(6) 22(3) 23(3) 33(3) -1(3) -3(2) -2(2) 
N(7) 25(2) 14(2) 34(2) 0(2) 2(2) 0(2) 
C(7) 16(3) 20(3) 23(3) -3(2) 3(2) -2(2) 
C(8) 17(2) 22(3) 29(3) -1(2) -2(2) -1(2) 
0(8) 20(2) 19(2) 49(2) -1(2) 1(2) 0(1) 
C(9) 17(3) 28(3) 23(3) 3(2) -4(2) -3(2) 
0(9) 18(2) 26(2) 30(2) 4(2) -3(2) 0(2) 
 20(3) 29(3) 27(3) 2(3) 6(2) 3(2) 
0(91) 37(2) 59(3) 31(2) 20(2) -5(2) -14(2) 
 24(3) 41(3) 40(3) 1(3) 1(3) -8(3) 
C(10) 23(3) 20(2) 18(2) -3(2) 0(2) 4(2) 
0(10) 30(2) 19(2) 24(2) 2(2) -1(2) 9(2) 
C(101) 25(3) 19(3) 40(3) 4(2) -7(2) -4(2) 
0(101) 70(3) 44(2) 32(2) -1(2) -11(2) 27(2) 
- C(102) 24(3) 20(3) 40(3) 1(2) 6(2) 4(2) 
C(11) 21(3) 22(3) 26(3) 1(2) -1(2) -5(2) 
0(11) 29(2) 18(2) 35(2) 3(2) -4(2) -3(2) 
 32(3) 28(3) 29(3) -3(2) 3(3) -5(3) 
0(111) 33(2) 35(2) 53(3) 8(2) -12(2) -13(2) 
 42(3) 30(3) 51(4) 7(3) -3(3) -10(3) 
C(12) 22(3) 19(3) 53(4) -2(2) 3(3) -4(2) 
 26(3) 20(3) 35(3) 5(2) -2(2) -6(2) 
 33(3) 41(3) 38(3) -2(3) 8(3) -14(3) 
 31(3) 26(3) 49(3) -1(3) 2(3) -8(3) 
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Table 5. 	Hydrogen coordinates ( x lO"4) and isotropic 
displacement parameters (A'2 x 1 0A3)  for 1. 
x y z U(eq) 
H(1) 7628(6) -62(3) 7011(3) 30 
H(10D) 9394(17) 1385(5) 6348(18) 52 
H(10E) 10732(14) 784(16) 6042(12) 52 
R(10F) 9981(29) 653(13) 6882(7) 52 
H(2) 6646(5) -704(3) 5695(3) 26 
H(3) 4993(5) 224(3) 5129(3) 26 
H(4) 6094(5) 1372(3) 5586(3) 23 
H(S) 3615(6) 1358(3) 6736(3) 26 
R(6A) 4274(6) 2634(3) 7045(3) 31 
H(6B) 5888(6) 2503(3) 6569(3) 31 
H(8) 4134(5) 3990(3) 5209(3) 28 
H(9) 3479(6) 4273(3) 6846(3) 27 
H(92A) -275(6) 2915(15) 5826(14) 53 
H(92B) -1095(20) 3776(5) 5959(17) 53 
H(92C) -1201(19) 3093(19) 6615(4) 53 
H(10) 3287(5) 5371(3) 5531(3) 25 
H(10A) 1988(17) 6992(15) 7303(9) 42 
H(10B) 234(21) 6717(10) 7101(13) 42 
H(10C) 1001(35) 7473(6) 6662(5) 42 
H(11) 5510(6) 5355(3) 6809(3) 28 
H(11A) 6747(38) 7835(3) 6487(10) 61 
H(11B) 6590(35) 7529(8) 5610(11) 61 
H(11C) 8267(8) 7526(8) 6029(20) 61 
H(12A) 6105(6) 4960(3) 5210(3) 38 
H(12B) 7415(6) 4972(3) 5878(3) 38 
H(22A) 2787(29) -1294(13) 7341(12) 56 
H(22B) 1437(8) -861(23) 6846(3) 56 
H(22C) 2618(33) -329(11) 7357(12) 56 
H(23A) 3463(41) -1935(3) 5982(5) 53 
H(23B) 4137(27) -1339(14) 5331(11) 53 
H(23C) 2300(16) -1342(13) 5526(15) 53 
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